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TRANSLATOR'S PREFACE

I FIRST became acquainted with this work of MM. Bertrand
and Thomas when stationed at Genoa in the summer of 1918,
and though myself requiring it for special purposes, was at
once struck with the very wide field which it covers.

As the authors state in their original preface, the subject
of Biological Chemistry is one which daily finds increas-
ing spheres of application, and consequently an increasing
number of students. For the specialist it of course has an
" especial fascination of its own, while to the physiologist and
biologist it has long been indispensable. Recent experience
has shown that many of the problems which come within the
cognizance of the physician and the pathologist are no less
dependent upon its principles and methods for their elucida-
tion, while scientific agriculture and a host of commercial
processes open up numberless fields of inquiry in the same
direction.

The present work is also of outstanding value since the
experiments described are of fundamental practical import-
ance, as may be seen by a glance at the table of contents.
To the physician, physiologist, and pathologist the descrip-
tions of the analysis of the blood, urine, and the fatty
matters present in animal tissues will be of interest. To
the botanist and agriculturalist the analysis of vegetable
ash and the various constituents of plant tissues will make

a special appeal, while the sections on essential oils, tannins,
xi



Xii PRACTICAL BIOLOGICAL CHEMISTRY

alkaloids, and the various fermentations and their products
will interest those who are applying science to the furthering
of commercial enterprise.

In brief, the cardinal feature of the work is its essentially
broad and practical character, which cannot fail to be of
service to those who contemplate a study of bio-chemistry
for any of the purposes we have suggested. It is of course
not intended as a laboratory handbook for the specialist in
pathological bio-chemistry or any other particular branch
of the subject, but is designed rather to afford a compre-
hensive scheme of elementary work over a wide field, so as
to ensure a broad foundation for future investigations in
whatever branches of the subject the student may after-
wards concentrate upon.

A full and detailed description, together with the
necessary tables, is given of Professor Bertrand’s method
of estimating sugars, while the section on enzymes
proceeds from the pen of an acknowledged master of the
subject.

My own part in preparing the translation has been a very
small one and strictly limited to presenting the work of the
French scientists to those who are unable to study their work
in the original. Here and there an explanatory note has
been added, and the whole work has been submitted to
Professor Bertrand for his approval before publication. I
can conscientiously say that I have endeavoured to the
best of my ability to preserve the conciseness and lucidity
of expression which mark the original work, and are of
course characteristic of the works of all eminent French
scientists.

In conclusion, it is my pleasant duty to express my very
sincere thanks to those friends who have been kind enough
to aid me with their assistance, and especially to Professor

Sidney Russ of the Middlesex Hospital and to Dr. Arthur
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Compton of the Institut Pasteur, both of whom have read
through the whole of the proof-sheets, and to Professor
Bedson of Armstrong College, Newcastle-on-Tyne, for much
‘valuable advice in the earlier stages of the work. My
acknowledgements would be incomplete without a cordial
recognition of the assistance I have received from my
publishers, for their uniform kindness during the unex-
pectedly protracted process of publication, and for the loyal
spirit of co-operation in which they have carried out their
share of the work.

HECTOR"A. COLWELL.
LONDON,

October 1920.
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INTRODUCTION

WE think it may be useful to indicate in the first place
certain principles which will enable beginners in the study
of biological chemistry to use this book to the best advantage.

I. Before attempting to carry out any experiment in the
laboratory, always make certain that you fully understand .
the theoretical principles upon which the practical work is
based. Then carefully read through the description of the
experiment so as to get a thorough grasp of all its details.

2. If the first attempt at carrying out any experiment
fails, repeat it until success is attained. When you have
thoroughly mastered the technique of any given experiment,
it is a good plan to repeat it several times with smaller and
smaller amounts of the reagents so as to obtain a practical
idea of the limits of sensitiveness of the different reactions.
If the subject of investigation is a quantitative estimation,
it is a good plan to repeat it with the addition of such pre-
cautions as may ensure increased accuracy. Generally
speaking, when a result is obtained which is within one
per cent of that calculated it may be regarded as a good
approximation ; it should be noted, however, that in many
cases a more accurate determination can—and should—be
obtained.

3. With respect to this question of accuracy we must
carefully bear in mind that there is a vast difference between
absolute and relative error in the conclusions to be drawn

from any given experiment. In some cases the absolute
XXV
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error is of outstanding importance, while in others the
relative error is the important feature. For instance, if we
are investigating the amount of some substance which is
present in an organic material only in very small quantities,
it is clear that the absolute error (represented in this case
by the limit of sensitiveness of the reaction) should be
smaller than the amount of the substance under investiga-
tion, otherwise it could not be detected, and the conclusion
would be negative instead of positive.

If, on the other hand, we are dealing with the estimation
of the quantity of some easily titrated substance in a mix-
ture, the absolute error may be of comparatively slight
importance, since the amount of experimental material can
always be so increased as to give a good approximation.
In such cases it is the relative error which determines the
limit of precision of the experiment.

4. It is impossible to urge too forcibly the advantages of
performing a control experiment whenever this is practicable,
using for this purpose some convenient amount of a sub-
stance of known composition which contains the element
which we are investigating or estimating. For example, if
we are estimating the amount of iodine present in thyroid-
gland tissue, a control experiment should be devised, using
a very dilute solution of potassium iodide. If the quantity
of phosphoric acid in some animal or vegetable tissue forms
the subject of our investigations, a control experiment may
be performed upon some stable phosphate of known and
definite composition, such as acid ammonium phosphate,
which is stable and is, moreover, neither efflorescent nor
hygroscopic.

5. Another precaution which is specially necessary in
delicate experiments involving the estimation of very
small quantities is to make certain that we are working
with absolutely pure reagents. This may be done by per-
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forming what is known as a “‘ blank experiment,” in which
the same reagents (and in the same quantities) are used as
in the actual analysis, only the substance under investiga-
tion is not added. If such a blank experiment reveals the
presence of the substance we desire to investigate as an
impurity in the reagents, clearly these must either be
rejected or purified. Sometimes it is possible to perform
the blank experiment quantitatively, and to make the
necessary allowances for the impurities when calculating our
final results. :

Finally, we may briefly indicate the precautions which
“ must be observed to ensure accuracy, and to avoid damage
to apparatus and risk of injury either to the experimenter
himself or to others.

1. Except where special instructions are given to the
contrary, avoid using excess of reagents. A pipette or a
drawn-out glass tube are useful for liquids, as they can then
be added drop by drop if desired.

2. When taking readings with any form of graduated
glass apparatus (burettes, graduated flasks, etc.), always
take care that the line of vision just cuts the boffom of the
meniscus at the top of the fluid.?

3. When measuring a liquid by means of a pipette, the
narrow end should be placed against the side of the vessel
into which the liquid is transferred when reading the level
in the pipette and stopping the flow of liquid. By this means
the liquid runs freely and the volume delivered corresponds
to that indicated by the graduation of the pipette. f

4. When making accurate weighings we may avoid
errors due to the influence of the hygrometric condition of
the atmosphere upon the vessel which contains the material

! When dealing with opaque liquids (z.g. permanganate solution, milk, etc.)
the reading may be taken from the top of the meniscus, provided that the differ-
ence in level is allowed for by measurement with a burette or suitable pipette.
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to be weighed, by using a second exactly similar vessel as a
counterpoise.

5. Pay strict regard to the scrupulous cleanliness of all
apparatus such as the microscope, spectroscope, and polari-
meter. Should a drop of some reagent fall upon a balance-
pan or microscope stage, wipe it off immediately, and always
see that the microscopic objectives are not soiled by contact
with any liquid used in mounting preparations, except, of
course, in the case of special immersion objectives. If a
lens is soiled and simple wiping is insufficient to clean it, do
not use reagents for cleaning purposes at random, but
always ask what to use and how to use it, otherwise the cement
which is used to fix the lenses may be softened and the lens
will fall out. Microscopic objectives may be wiped either
with a perfectly clean thin piece of silk which is kept, away
from dust, exclusively for this purpose, or with a piece of
soft Japanese paper.

When using the balance, never under any circumstances
put the material to be weighed directly upon the scale-pan.
It is useful to keep a series of tared watch-glasses for this
purpose, with the approximate weight of each marked upon
it. Never touch the weights with the fingers, but always
make use of the pair of forceps provided and kept only for
the purpose. It is also very important that no changes
should be made in the load of either scale-pan when the
balance is swinging, but always when it is set at rest.

6. Graduated glass apparatus must also be kept scrupu-
lously clean, and one should never blow down a pipette,
which introduces fatty substances. Graduated glass vessels
should be used exclusively for measuring purposes; they
should not be heated more than necessary, and hot liquids
should not be poured into them. The last observation
applies particularly to all vessels made of thick glass, as they
may thereby be broken.
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7. When a piece of apparatus is exhausted by the filter-
pump, do not forget to disconnect it from the pump before
turning off the water. If this is not done, water will be
sucked back into the apparatus.

8. The distillation of many liquids is accompanied by
‘“ bumping,” and portions of the contents of the distilling
flask are spurted over into the condenser. Both these
troubles can be overcome by pu}ting some scraps of pumice
(or, better, fragments of wood such as broken match-sticks)
into the distilling flask.

If the process of boiling is accompanied by too copious
frothing, the addition of a few drops of oil will cause the
froth to disappear.

9. When a liquid is boiled in a test-tube, the tube should
be gently shaken throughout the process, so as to avoid the
contents of the tube being suddenly spurted out. As
spurting will sometimes occur in spite of all precautions, it
is obvious that the tube should invariably be h\eld so that
such accidental spurtings may do no damage either to
persons or things.

10. When lighting the burners of an apparatus which is
heated by gas (such as an autoclave, etc.) an explosion may
be caused if there is much delay between turning on the gas-
tap and applying the light.

The correct way to light burners of this kind is, First,
to turn on the gas-tap for a few seconds so as to drive any
air out of the burners themselves; Secondly, to turn off the
gas; Thirdly, to apply the light to the burners and then
immediately to turn the gas on again. This procedure will
eliminate any chance of an explosion, and will also prevent
the burners from ‘‘ lighting back.”

““ Lighting back ”’ can usually be noticed from the
appearance of the flame and from the offensive smell which
is produced. It is important to avoid this, not only because
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the gases are poisonous and also the apparatus is rendered
inefficient, but because in some cases (e.g. ordinary Bunsen
burners) the lower part of the burner may become so hot
that the rubber connecting pipe is melted and there is a
very considerable danger of fire.

11. Never carry out any manipulation with explosive
or inflammable liquids (such as absolute alcohol, ether, and
especially carbon disulphide) near a naked light, and re-
member that the vapours of these liquids may be ignited by
a lighted cigarette.

If a liquid of this kind has to be evaporated, every pre-
caution must be taken, such, for example, as heating on a
water-bath filled with hot water which is renewed from time
to time as required, thus avoiding any risk of ignition from
a naked flame in the neighbourhood.

12. Should any reagents or apparatus take fire, the fire
can be extinguished in different ways, according to circum-
stances. If it occurs at the mouth of a vessel with a narrow
neck, covering with a damp folded duster will be enough ;
if an evaporating basin or some other wide-mouthed vessel
is the cause of the trouble, it may be covered with an earthen
vessel or a bucket.” If these measures are insufficient,
water may be thrown on if the fire is due to alcohol, or sand
in the.case of ether, benzene, carbon disulphide, or other
substances which are insoluble in water, and sand should,
of course, also be used when metallic sodium or potassium
is in question.

If burning liquid is spilt on the clothes, damp cloths
form the most convenient method of extinguishing it.

13. When working with bodies which give off poisonous
or irritating fumes, such as bromine, acetyl chloride, or
benzoyl chloride, it is best to conduct operations either in
the open air or in a fume chamber furnished with a good
draught. It is well to have close at hand in the fume cup-
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board some form of support or a test-glass in which the
flask or test-tube can be placed upright if the fumes are
overpowering.

14. When dealing with living cultures of micro-organisms
take care that none is spilt on the bench, clothes, or hands.
If such a “spill 7 or soiling by a culture should occur, an
antiseptic solution should at once be applied (1 per cent
formalin or a one-in-a-thousand solution of mercuric
chloride) ; this precaution should always be taken even if the
cultures are not regarded as pathogenic. Vessels which have
contained cultures can be sterilized either by boiling with a
dilute solution of alkali or by heating in the autoclave.
Finally, remember that if one is smoking while dealing with
cultures of micro-organisms, pipes and cigarettes must not
be laid upon the bench nor touched with soiled fingers. A
bowl of suitable antiseptic (I in I000 mercuric chloride)
should always stand upon the bench when working with
living cultures, and all cultures should be treated as if they
were pathogenic.



NOTE TO , THHE REALER

1. Potash pastilles or pellets. These are little globules of potassium
hydrate each weighing about -2 to -25 gramme, and are made by fusing
ordinary caustic potash and allowing it to fall drop by drop on to a suit-
able plate. They are very handy in laboratory work and obviate the
tiresome necessity for breaking off little pieces of stick potash. Need-
less to say, they must be preserved in a perfectly dry bottle fitted with a
paraffined stopper or a cork soaked in paraffin wax.

2. Strength of acids and alkalies measured in Beaumé degrees,
eg. (36° B.). The tables of percentage composition of solutions and
corresponding specific gravities will be found at pp. 322-328.

xxxil
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FIRST PART
STATICS

CHAPTER 1
DETECTION AND ESTIMATION OF ELEMENTS

Detection of Carbon

1. OrRGANIC compounds are characterized by the presence of
carbon in combination With hydrogen, and nearly always
with other elements, such as oxygen and nitrogen. To dis-
tinguish them from ‘“ inorganic *’ or ““ mineral ”’ bodies it is
necessary to establish the presence of carbon.

Organic bodies are combustible; they burn when
brought in contact with a flame in the presence of air. On
the other hand, if strongly heated in a test-tube, they
usually become “ carbonized,” assuming first: a brown and
then a black colour, due to the liberation of free carbon.
This character is not invariable ; for instance, oxalic acid,
(COOH), +2H,0, is decomposed by heat without carboniza-
tion ; while cupric hydrate, Cu(OH),, blackens on heating,
owing to the formation of anhydrous cupric oxide.

2. The presence of carbon is definitely shown by the
evolution of carbon-dioxide, when the substance under
examination is strongly heated with copper oxide, the
latter undergoing reduction to metallic copper. The pro-
cedure is as follows.

Introduce a mixture of -1 to -2 gramme of the sub-

B
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stance under examination, and 5 grammes of powdered
copper oxide into a test-tube, which is then fitted with a
cork and delivery tube, which is bent at a right angle. The
free end of the delivery tube is kept beneath the surface of
a solution of barium hydrate, and the contents of the test-
tube cautiously heated to dull redness. In the presence of
carbon in the material examined, the barium hydrate
solution becomes turbid, owing to the formation of insoluble
barium carbonate. The delivery tube must be withdrawn
from the liquid before the test-tube cools, in order to avoid
back suction, and consequent fracture of the tube.

It must be remembered that some carbonates disengage
carbon-dioxide on heating; these, however, may be dis-
tinguished from organic bodies by their effervescence when
treated with hydrochloric acid.

3. Organic bodies when heated with a mixture of chromic
and sulphuric acids reduce the chromic acid; the original
yellow colour of the mixture being changed to green, owing
to the formation of green chromium sulphate.

Put a few centigrammes of the material in a test-tube ;
add 5 cc. of concentrated sulphuric acid, and 1 cc. of a
2 per cent solution of potassium bichromate; mix by gentle
shaking. Should the original yellow colour persist, heat
cautiously, but not to boiling. An olive or bright green
coloration indicates the presence of carbon, provided, of
course, that no inorganic reducing bodies are also present. -

Detection of Nitrogen

4. Generally speaking, but not invariably, organic nitro-
genous bodies give off an odour of burnt hair when strongly
heated. The presence of nitrogen is put beyond question
by the formation either of ammonia or of a cyanide, and
the subsequent detection of these bodies.

5. Formation of Ammonia by heating with Soda-lime
(Will and Warrentrapp).—Introduce a mixture of about
-2 gramme of the experimental material and 3 to 4 grammes

.of soda-lime into a hard test-tube, carefully wiping the
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mouth of the tube with a piece of filter-paper to remove
any adherent particles of soda-lime. Heat to dull redness,
and hold a moistened red litmus-paper to the mouth of the
tube ; in the presence of ammonia, the litmus-paper turns
blue. Ammonia can also be detected by its odour, or by
the formation -of white fumes of ammonium chloride when
a glass rod moistened with strong hydrochloric acid is
presented to the mouth of the tube. For the reactions of
ammonia see § 528.

6. Detection of Nitrogen by the Formation of Sodium
Cyanide (Lassaigne).—Take a small test-tube (about 10 cm.
by -5 cm.), and introduce a fragment of the substance to be
tested (about the size of a pin’s head). Then add a little
piece of sodium, about four times this size, and heat until the
metal fuses, which occurs about a dull red heat. Plunge the
still hot tube into about 5 cc. of water in an evaporating
basin; the tube breaks and any unaltered sodium takes fire.
The contents of the tube are dissolved, and the liquid filtered,
the resulting filtrate being tested for the presence of a
cyanide.

The procedure needs care.! Throughout the whole pro-
cess the mouth of the tube must be directed away from the
face of the operator to avoid any risk from ejected fragments
of sodium, and the heating must be continued long enough
to destroy any tarry matters which would interfere with
the production of a clear solution. In the presence of
sodium, the carbon and nitrogen of the organic body pro-
duce sodium cyanide, the presence of which is shown by the
following reactions.

7. Half the solution obtained as described above is
gently warmed with a small crystal of ferrous sulphate
(about the size of a pin’s head), and the mixture gently
. shaken in the presence of air. The solution, which should

! If only the very small amounts of sodium and test-material mentioned
are used, it is quite safe to break the hot tube in water as described. Should
these amounts be exceeded, however, and especially if any free sodium is
obviously present, it is safer to allow the tube to cool, add a few drops of
absolute alcohol (which combines with any free sodium present), and then
to add the water.—[TRANSLATOR.]
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be alkaline, is cooled and then acidified with dilute hydro-

“chloric acid, using a scrap of litmus-paper as indicator.
The formation of a blue precipitate (or colour, if very dilute)
indicates the presence of a cyanide. This blue precipitate
or coloration is due to the formation of * Prussian blue,”
produced by the interaction of the ferrocyanide formed,
with that part of the sulphate of iron which has been oxidized
by shaking with air.

If the colour does not appear, a drop of dslute ferric
chloride solution is added, in order to ensure the presence of
sufficient iron. In doubtful cases the bluish liquid may be
filtered on a small filter-paper, which retains any precipitate
and assumes a blue tint.

8. Heat the other portion of the solution to boiling for
a minute or two, with three or four drops of yellow am-
monium sulphide. After cooling, acidify with dilute hydro-
chloric acid ; boil to expel sulphuretted hydrogen, filter to
remove the precipitated sulphur, and cool under the cold-
water tap. Add, drop by drop, a dilute solution of ferric’
chloride ; a red colour indicates the presence of a thio-
cyanate, and therefore of a cyanide in the solution tested.

The *“ sodium method ” is more delicate than the “ soda-
lime method,” except in the case of certain oxygen-con-
taining alkaloids.!

In all these reactions it is necessary to avoid undue
dilution, by only taking just as much of the various re-
agents as is necessary to attain the desired result.

Detection of Sulphur

9. The presence of sulphur can be demonstrated by the
formation either of a sulphide or of a sulphate.

Formation of a Sulphide.—Proceed as directed for the .
detection of nitrogen by the sodium method in § 6.
To the filtered alkaline solution add a few drops of a dilute

1 These methods for the detection of nitrogen are, of course, not
suitable in the case of organic nitrates and nitro-compounds. These give
off nitrous fumes on heating, and moreover frequently explode.
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solution of sodium nitroprusside. A violet colour indicates
the presence of sulphur.

10. Formation of Lead Sulphide.—This reaction is only
available with certain compounds such as some proteins,
cystine, etc. Introduce into a test-tube a few drops of
lead acetate solution ; then add sufficient of a 10 per cent
solution of sodium hydrate to re-dissolve the precipitate of
lead hydrate which is first formed. Add a small quantity
of the material to be investigated, and boil gently for a
few minutes. Blackening, due to the formation of lead
sulphide, indicates the presence of sulphur. This reaction
is less delicate than the foregoing (§ 9), since only a portion
of the sulphur combines with the lead to form lead sulphide.

11. Detection of Sulphur by Formation of a Sulphate.—
Into a nickel capsule put about -2 gramme of the substance
to be tested, together with three pastilles?! of caustic potash.
Moisten with a few drops of water, and heat the capsule on
a pipeclay triangle until the contents fuse, stirring the
mixture meanwhile with an iron wire. When the fused
mass appears homogeneous, drop in from a knife-point
successive small portions of potassium nitrate (generally
-I or -2 gramme is sufficient). Cool, and dissolve in 3 to
5 cc. of water, again warming gently to assist solution.
Turn the liquid into a test-tube, and wash out the capsule
with 1 cc. of distilled water, adding the washings to the
contents of the tube. Acidify with dilute hydrochloric acid
(in the presence of litmus-paper), and filter. To the filtrate,
~ add drop by drop a solution of barium chloride; in the
presence of a sulphate a white precipitate of barium sulphate
is produced. A blank control experiment should be per-
formed so as to eliminate the possibility of the occurrence
of sulphates as impurities in any of the reagents employed.

Detection of Phosphorus

12. The presence of phosphorus in an organic body is
indicated by the formation of a phosphate, when it is fused

1 Potash pastilles or pellets, containing about -2 gramme KOH. Portions
of ““ stick ** potash may of course be substituted for these. See p. xxxii.
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with a mixture of potassium hydrate and nitrate. Exactly
the same method of procedure is employed as is described
for sulphur in a preceding section (§ 11). The cool fused
mass is dissolved in 3 to 5 cc. of water, with warming and
subsequent filtering if necessary. Neutralize with dilute
nitric acid, and ‘test for phosphates by the following re-
actions.

13. To 1 cc. of the solution obtained as above is added
an equal volume of 30 per cent solution of ammonium
nitrate, and from 3 to 5 drops of concentrated nitric acid.

F1G. 1.—Ammonio-Magnesium Phosphate Crystals.
(A) Due to slow crystallization. (B) Due to rapid crystallization.

Heat to boiling and add 2 cc. of a 3 per cent solution of
ammonium molybdate. In the presence of phosphates a
yellow precipitate of ammonium phosphomolybdate is pro-
duced.!

I4. Put the remainder of the solution into a conical
test-glass, add 1 cc. of a 10 per cent solution of ammonium
chloride, and 1 cc. of a 10 per cent solution of magnesium
sulphate ; then add excess of ammonia (2 to 3 cc.). On
stirring, a white crystalline precipitate of ammonio-mag-
nesium phosphate is produced if a phosphate is present.

1 The above method is preferable to the use of a stock mixture of

ammonium molybdate and nitric acid, since this is very liable to undergo
decomposition and become useless.
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Microscopically examined, the precipitate shows charac-
teristic crystals, which, however, differ in form, according
as the crystallization has been slow or rapid (Fig. 1).

Qualitative Analysis of Vegetable Ash

15. The method of preparation of an ‘“ ash” and the
precautions necessary during incineration are described in
§ 61.

For its qualitative analysis, take 2"grammes of wood ash
and grind them in a mortar with 2o cc. of water. Filter, and
wash the residue on a filter twice with 10 cc. of water, which ,
is then added to the original filtrate. The filtrate, which is
alkaline, contains the soluble portion of the ash, and may be
divided into five equal portions which are examined as
follows for sulphates, chlorides,. potassium, and sodium.
The insoluble residue is tested for iron, manganese, calcium,
phosphoric acid, and magnesium.
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16. Sulphates—The first> portion of the filtrate is ren-
dered definitely acid to litmus by the addition of a few
drops of concentrated hydrochloric acid. Carbon dioxide
is evolved, thereby demonstrating the presence of soluble
carbonates in the ash. On the addition of barium chloride
to the acid solution a white precipitate of barium sulphate
indicates the presence of sulphates.

17. Chlorides.—The second portion, acidified with nitric
acid, is treated with a dilute solution of silver nitrate. A
white curdy precipitate, easily soluble in ammonia, shows
the presence of chlorides.

18. Potassium.—Acidify the third portion with nitric
acid and add perchloric acid, drop by drop. A white precipi-
tate of potassium perchlorate, slightly soluble in water, but
insoluble in alcohol, denotes the presence of potassium.

19. The presence of potassium can also be demonstrated
by the following procedure. Exactly neutralize the liquid
(§ 15) with dilute acetic acid, and add a few cubic centi-
metres of a saturated solution of sodium picrate. The liquid
at first remains clear, but soon becomes turbid, owing to
the precipitation of potassium picrate, which is only very
slightly soluble in water. The formation of this precipitate,
which is in the form of fine needle-like crystals, is facilitated
by stirring.

20. A further method for ascertaining the presence of
potassium is by the formation of its chloroplatinate, which
forms yellow octahedral crystals which are only very slightly
soluble in dilute alcohol. Put about -5 cc. of the filtrate
(§ 15) into a watch-glass, and acidify with a few drops of
dilute hydrochloric acid. Then add three drops of a 10
per cent solution of platinic chloride and evaporate on a
water-bath to one-third of the original volume (but #of to
dryness). Add 1 cc. of alcohol; a yellow precipitate of
potassium chloroplatinate forms, in the presence of potas-
sium. The crystals have a characteristic microscopical
appearance. The supernatant clear yellow fluid contains
sodium chloroplatinate.

21. Sodium.—The remainder of the original filtrate (§ 15)
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can be used for the detection of sodium. Sodium salts are
not precipitated by picric or perchloric acids, nor by platinic
chloride. On the other hand, the addition of potassium
antimoniate, and boiling for about a minute, with subse-
quent cooling and stirring, produces a white precipitate of
sodium pyroantimoniate. This precipitate is crystalline,
and the crystals have the form of truncated octahedra.

The maximum degree of delicacy for this test is obtained

F1G. 2.—Potassium Chlorop]atiﬁate.

by adding to the liquid under examination 10 per cent of the
reagent described below.! Take 5 cc. of the filtrate from the

1 This reagent, discovered by Frémy, was formerly prepared by a “dry”’
method ; it is better to prepare it in the ‘‘ wet” way by oxidizing a
solution of antimony hydrate in potash by potassium permanganate
(Reynoso), bichromate or ferricyanide, or hydrogen peroxide (Knorre and
Olschewsky). In our experience the following is a convenient method of
preparation.

Into a porcelain evaporating dish put 25 grammes of caustic potash
and 100 cc. of water. After it has dissolved add 10 grammes of antimony
trichloride (butter of antimony), and 88-go cc. of a 5 per cent solution of
potassinm permanganate. The mixture is then boiled for a few minutes,
allowed to settle for a short time to see if the liquid is colourless, and
filtered. If the liquid has a green colour, a little more antimony chloride
must be added and the whole re-boiled and filtered. Prepared thus, the
reagent gives an abundant precipitate with a solution which only contains
I part in 1000 of sodinm ; even with a solution containing 1 part in 2000,
a visible deposit can be obtained by rubbing the sides of the test-tube with
a glass rod. ;
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watery extract of the ash (§ 15) and add -5 cc. of the reagent.
An immediate light precipitate is often produced thereby ;.
this must be removed by filtration. Heat the filtrate to
boiling, cool, and if the required precipitate of sodium
pyroantimoniate does not immediately appear, its forma-
tion can be accelerated by stirring. Should it still fail to
appear (as may happen in very dilute solutions), its forma-
tion may be induced by the introduction of a trace of
sodium pyroantimoniate upon a glass rod (which has been
dipped first in a solution of potassium pyroantimoniate and
then in a solution of sodium chloride), and vigorously stirring.

22. The filter with its insoluble residue (§ 15) is put into
a conical glass and treated with 20 cc. of 10 per cent
hydrochloric acid. If the previous washing with water has
been properly carried out, the resulting clear liquid will be
strongly acid, but should this not be the case, a further
quantity of acid must be added. The filter is broken up
with a glass rod and the whole filtered again, the filtrate
being collected in a beaker.

23. Iron and Manganese—Render the filtrate (§ 22)
faintly alkaline with ammonia, added drop by drop; a
gelatinous precipitate forms which almost entirely dissolves
on the addition of dilute acetic acid. On filtration, a small
deposit of the phosphates of iron and manganese remains
on the filter. Divide the filter with its contained residue
into two. One half of the filter is used to test for iron ;
the other half, after incineration, is tested for manganese
(see §§ 30, 31).

For iron, the half filter is moistened with a drop of
10 per cent hydrochloric acid, and a drop of potassium
ferrocyanide solution added. A blue colour indicates the
presence of iron.

24. Calcium.—Tive to ten cubic centimetres of the
filtered liquid (§ 23) are brought to boiling in a small
flask, and double the volume of a saturated solution of
ammonium oxalate is added. Calcium, if present, forms
a very fine white precipitate of calcium oxalate. In
order to ensure the precipitation of all the calcium
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present (which is essential for the next procedure, e.g.
the detection of phosphoric acid and magnesium, § 25),
filter off the precipitate of calcium oxalate, and test a little
of the filtrate with a further quantity of ammonium oxalate.
A precipitate indicates that all the calcium has not come
down, and further addition of ammonium oxalate is neces-
sary, the mixture being boiled as before.

25. Phosphoric Acid and Magnesium.—The filtrate as
obtained above (§ 24) is cooled, made strongly alkaline with
ammonia, and well stirred or shaken. A white crystalline
precipitate of ammonio-magnesium phosphate shows the
presence of phosphoric acid and magnesium.

Detection of Bromine and lodine

26. Quite appreciable amounts of iodine occur in certain
seaweeds (e.g. common wrack—Fucus vesiculosus), and in
certain animal tissues (thyroid gland). Iodine in seaweed
is usually accompanied by traces of bromine.

Detection in Seaweed.—Take about two grammes of the
dried seaweed, and heat it to dull redness in a small nickel
capsule. Keep at about the same temperature for a minute
or two, until the first incandescence has passed off, then
allow it to cool. Break up the carbonized residue in a
mortar, and add 5 cc. of water; grind thoroughly, filter,
and wash the residue on the filter with 1-2 cc. of water.

The solution, which is alkaline and contains iodides, is
slightly acidified with concentrated hydrochloric acid, in
the presence of a fragment of litmus-paper. About -5 cc.
of chloroform is next added, and then, very cautiously, drop
by drop, dilute chlorine water.! The mixture is to be
shaken after the addition of each drop. The chlorine dis-
places iodine from combination as iodide, the free iodine
dissolving in the chloroform to form a pinkish violet
solution. On addition of excess of chlorine the colour dis-
appears, owing to the formation of colourless iodine chloride.

1 A saturated solution of the gas in water, diluted to one-fifth its
strength,
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If this decolorization is carried out with sufficient care, the
violet colour is seen to give place in the first instance to a
rose, then to a yellow tint. This is due to free bromine,
and appears when all the iodine (but not the bromine) has
combined with chlorine.

27. Iodine in the Thyroid Gland.—Iodine exists in the
thyroid gland in the form of “thyroiodine.” Its presence
can be demonstrated by heating 2z grammes of the fresh
tissue with three pastilles! of potash in a nickel capsule.
Allow the mixture to fuse, then heat for a few minutes to
dull redness; after cooling, extract with 5 cc. of water,
warming gently if necessary. Filter, and wash the residue
with about 1 cc. of water. The solution contains the iodine
as iodides, which are then decomposed, and the liberated
iodine recognized as shown in the preceding paragraph (§ 26).

During the heating it is necessary not to employ too
high a temperature, as the iodides would thereby be
volatilized and lost. On the other hand, the heating must
be sufficient, otherwise tarry matters remain and tint the
solution brown.

28. In these processes for the detection of iodine and
bromine, chlorine-water may be replaced by other oxidizing
agents. If the ferric salts (ferric chloride or iron alum) are
used, the iodine alone is displaced and there is no special
necessity to avoid excess of the reagent.

29. To demonstrate traces of bromine, even in the
presence of iodine, the following technique may be em-
ployed (Denigés'and Challe). To 5 cc. of the solution under
examination add 4 drops of concentrated hydrochloric and
1 cc. of pure strong sulphuric acids. Mix thoroughly, and
add 1 cc. of a decolorized solution of fuchsin 2 and 4 drops
of a 10 per cent solution of potassium bichromate. To the
still warm liquid (or to the liquid reheated if necessary to

1 See note, p. xxxii.

2 To prepare this reagent add 5 cc. of concentrated sulphuric acid to
95 cc. of water, allow to cool, and add 10 cc. of a fresh -1 per cent solution of
fuchsin.

The mixture gradually decolorizes, and after about an hour it is ready
for use.. g
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50° C.) add 1 to 2 cc. of chloroform, and shake well for about
a minute. If bromine is present, a coloured bromine de-
rivative of fuchsin is formed, which tinges the chloroform
a violet red.

This reaction is available for the detection of bromine in
water samples ; it is sufficiently sensitive to detect I mgr.
of bromine in a litre of water.

Detection of Manganese

30. For demonstration purposes, vegetable material
known to be rich in manganese is the most suitable ; tea
answers admirably. . Gently incinerate about -5 gramme of
tea leaves in a porcelain capsule; allow it to cool, and drop
the residue (which should be grey or greyish-brown) into a
test-tube, .adding a pinch of lead peroxide and 5 cc. of
nitric acid. Five cubic centimetres of water are next added,
and the mixture boiled for two or three minutes. Allow it
to settle, when the supernatant liquid will be coloured
violet owing to the formation of permanganic acid, thereby
indicating the presence of manganese in the original material.

The incineration must be complete ; if a small amount
of carbon remains, the permanganic acid is reduced, and
the characteristic colour is either not obtained at all or -is
evanescent.

The presence of chlorides materially diminishes the sen-
sitiveness of the reaction. When they are present in any
quantity, the ash should be placed on a filter, extracted
with water, and a few drops of warm alcohol added. The
filter and residue are then incinerated, and the ash is treated
as described previously (e.g. lead oxide, nitric acid, etc.).

3I. Manganese can also be detected by the ““dry”
method. For this, a red-hot platinum loop is dipped into
a fusion-mixture.! On withdrawal and subsequent reheat-
ing in the Bunsen flame, an adherent colourless bead is
formed. Plunge the hot fused bead into the ash under

1 Sodium carbonate (anhydrous) g parts, potassium nitrate 1 part.
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examination, and heat for a>moment or two in the outer
Bunsen flame. The presence of manganese is shown by a
green coloration of the bead.

Detection of Iron in the Blood

32. The red blood corpuscles of vertebrates contain iron
in the form of hemoglobin. Its presence is easily demon-
strated as follows. A drop of defibrinated blood is placed
in a small porcelain capsule, gently heated and then carefully
incinerated. The reddish-brown residue is dissolved in a
few drops of concentrated hydrochloric acid, with the aid
of slight heat if necessary. Dilute with 2-3 cc. of water,
and add a few drops of potassium ferrocyanide ; the result-
ing blue colour shows the presence of iron.

Detection of Copper in Snail’s Blood

33. In certain invertebrates (e.g. Mollusca and Crustacea)
copper is found in the blood instead of iron. It may be
demonstrated in snail’s blood as follows. Take a live snail,
and fracture the shell at some distance from its mouth,
about the situation of the first turn of the spiral ; cautiously
enlarge the opening with forceps, taking care not to injure
subjacent structures. The heart will be recognized by its
rhythmic pulsations; open the pericardium with fine-
pointed scissors and collect the blood. It is well to make
the animal contract into its shell, as the quantity of blood
obtained is thereby increased. The blood is at first ‘colour-
less, but rapidly becomes blue on exposure to air. The
specimen is put into a small porcelain capsule with a few
drops of concentrated sulphuric acid ; the coagulum pro-
duced is carefully heated until it becomes first brown and
then black. When carbonization is complete, it is allowed
to cool, then rubbed up with a few cubic centimetres of
water, filtered, and the residue washed with a few drops of -
water. The filtrate contains alkali phosphates, together
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with a trace of copper, which latter can be detected by the
addition of formaldoxime, when a violet colour appears.
34. The greater part of the copper is, however, contained
in the residue. The filter and residue are carefully warmed
until dry, and then incinerated. To the cooled white or
grey ash, 5 drops of pure hydrochloric acid are added, and
the mixture is then evaporated to dryness. The residue is
treated with a few drops of strong ammonia and filtered in
order to separate traces of iron which are always present
and would mask the subsequent reactions. The filtrate,
which has a faint blue colour, is acidified with concentrated
hydrochloricacid, and potassium ferrocyanide solution added,
drop by drop. A reddish colour or precipitate shows the
presence of copper. It is absolutely essential to remove all
traces of iron, as the blue colour-reaction of iron and
potassium ferrocyanide quite masks that of copper.

Detection of Boron in Wine

35. Boron occurs naturally in very small amounts in
various tissues, and can be found in their ash by the following
method (G. Bertrand and H. Agulhon). It is easiest found
in vegetable matters and especially in wine.

Detection by Means of Turmeric Paper—Evaporate to
dryness in a capsule on a water-bath 20 cc. of wine previously
rendered faintly alkaline ; calcine the residue just below a
dull red heat, then after cooling, faintly acidify the ashes
(which contain the boron as borates) with 10 per cent
hydrochloric acid, and filter, collecting the filtrate in a small
evaporating basin (about 3 cm. in diameter) furnished with
a lip. Take a long narrow strip of turmeric paper,? 4 cm.
long by 3 mm. wide. Immerse one end in the liquid and
allow the other end to hang free over the lip of the basin

! The solution of formaldoxime is prepared by dissolving 1 part of
crystallized hydroxylamine hydrochloride in a mixture of 1 part commercial
formalin and 1 part water. Solution is assisted by gentle warming.

2 Turmeric paper is made by soaking filter-paper in tincture of turmeric,

For the tincture 1 part of powdered turmeric is boiled with 25 parts
of alcohol.
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for about 1 cm.; the intermediate part of the strip is to
remain in contact with the inner wall of the basin. Cover
with a watch-glass and allow to remain for some hours, or
even for a whole day. In the presence of boric acid, the
free end of the paper is coloured bright red, and turns blue
when touched with dilute ammonia (s.e. strong ammonia
diluted to one-tenth its strength).

36. Detection as Boron Fluoride.—For this very delicate
test it is desirable to separate the boron from the other
constituents of the ash, as methyl borate, which can be
isolated by distillation. After saponification of this ester,
the resulting boric acid is converted into boron fluoride by
means of calcium fluoride and sulphuric acid. Boron fluoride
is a gas and can be recognized by the green colour which
it imparts to the Bunsen flame. Proceed as follows.
The ash prepared as above (§ 35) is placed in a little
flask of go cc. capacity, together with 5 cc. of phosphoric
acid,! and 20 cc. of pure methyl alcohol. Fit the flask
to a condenser and distil on a water-bath. The distillate
is collected in a small flask containing #wo drops of a
10 per cent solution of pure caustic soda. It is essential
to take no more soda solution than this, in order to avoid
undue dilution of the sodium borate produced. When no
more distillate passes over, add another 5 cc. of methyl
alcohol to the contents of the distilling flask, and distil again.
Ascertain that the distillate collected is alkaline (from the
soda first introduced into the receiver), and heat thedistillate
on the water-bath with a reflux condenser for ten minutes
to saponify the methyl borate. Then transfer the liquid to
a small capsule and evaporate to dryness on a water-bath.

The residue is thoroughly ground up with double the
quantity of calcium fluoride (finely powdered in an agate
mortar), and the mixture made into a thick paste with pure
concentrated sulphuric acid. Take a little of this paste on
a platinum loop and hold it within about 2 mm. of the base
of a Bunsen flame, the outer zone of which then acquires

! Prepared by treating 1 part of phosphoric anhydride with 1 part
of water.

C
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the characteristic green colour. It is advisable not to work
with a large flame, so as to avoid draught and the conse-
quent too rapid dispersal of the boron fluoride. Three equi-
distant green bands are seen on spectroscopic examination.

Estimation of Nitrogen (Xjeldahl’s Method)

37. This method depends upon the destruction of organic
matter by boiling with concentrated sulphuric’ acid, and
the subsequent production of ammonia. The titration then
resolves itself into a quantitative estimation of ammonia.

38. Treatment of the Substance with Sulphuric Acid.—
Weigh out accurately a small quantity of the material to
be examined ; the amount needed in individual cases varies,
but in general, such an amount is taken that it contains
20-40 mgr. of nitrogen. For example, if barley or malt is
being studied, take 1-2 grammes; if albumin or gelatine,
take -2--3 gramme. Put this into a round-bottomed flask
(preferably with a long neck) of about go cc. capacity ; add
exactly 10 cc. of pure concentrated sulphuric acid and a
drop of mercury about the size of a hempseed.

Heat first of all gently and then to boiling, in a fume
chamber. The heating must be regulated so that the con-
densed acid fumes carry back with them any particles that
may be accidentally spurted up. Too violent boiling must
be avoided, as this gives rise to excess of disagreeable acid
fumes and renders the contents of the flask too concentrated.
As the heating progresses the liquid becomes first brown,
then yellow, and is finally decolorized ; at this stage, stop
the boiling, and after partial cooling add very small quantities
of powdered potassium permanganate, until a permanent
green or violet colour is produced ; excess of permanganate
must, however, be carefully avoided. By this procedure
the organic matter is entirely decomposed ; the carbon is
oxidized to carbon dioxide, while the nitrogen in the form of
ammonia unites with the excess of acid, an ammonio-
mercuric sulphate being formed which crystallizes as white
needles on cooling.
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39. Distillation and Titration of the Ammonia formed.—
The apparatus (Fig. 3) consists essentially of a flask connected
with-an ascending spiral cooling tube connected with a water-
jacketed condenser. The ascending part of the tube acts
as a separator, in which the larger part of the steam condenses
and is returned to the distilling flask, while the portions of
distillate rich in ammonia pass into the condenser and are
collected.

L G AT e

U Tl

F1G. 3.—Schloesing-Aubin Apparatus for Kjeldahl Estimations.

B. Distilling flask. R. Spiral cooling tube. M. Water-jacketed condenser.
A. Delivery tube, finished with bulb and drawn out at its lower end.

40. To conduct the distillation the acid liquid (§ 38) is
diluted with 60 to 8o cc. of water. The resulting rise of
temperature facilitates the solution of the crystals, which
should be complete. The solution obtained is placed in a
flask of 500 cc. capacity ; wash out the flask in which the
decomposition was effected two or three times with distilled
water and add the washings to the contents of the 500 cc.
flask. It is next necessary to precipitate the mercury, since
the ammonio-mercuric salt is only attacked with difficulty
by soda ; for this purpose an energetic reducing agent such
as sodium hypophosphite is used (Maquenne). Add 1-2
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grammes of this salt to the still warm liquid ; it produces
a white precipitate which becomes black (reduction to
metallic mercury). Should the liquid have become cold,
the reaction is slow, and must be hastened by gentle heating.
Make sure that the precipitation of the mercury is complete,
by adding a further pinch of the hypophosphite and noting
that no further precipitate is formed. Next, add enough
water to bring the total volume to 200 cc. ; and then, in a
single dose, add 40 cc. of strong soda solution (36° B.).X

Immediately connect up the flask with the rest of the
apparatus, and then distil. The drawn-out extremity of
the bulb A is placed beneath the surface of 5 cc. of water in
the glass V, the liquid being coloured with a drop of heli-
anthin. (Do not forget to turn on the water in the condenser.)

When the indicator turns yellow, sufficient N/5 sulphuric
acid is run in to bring it exactly to a rose colour. When no
further change occurs all the ammonia has passed over, and
the distillation may be stopped. The bulb A must be detached
from the apparatus to avoid back suction on cooling.

If the acid is exactly N/5, each cubic centimetre used
corresponds to -0028 gramme of nitrogen. If p be the
weight of substance taken, and # the number of cubic
centimetres of acid used, the percentage of nitrogen is

*0028 X 72 X 100

P
The method described is suitable for the estimation of
nitrogen in animal or vegetable tissues, etc. It is not
applicable where the nitrogen exists as nitrates (nor in their
presence) ; and it is not recommended for such substances
as alkaloids, where the nitrogen is contained in a cyclic

nucleus.

.

Preparation of < Normal ” Sulphuric Acid

41. Speaking generally, a “ normal ”’ solution of an acid
is a solution which contains per litre a quantity of acid
1 {.e. enough to make the reaction strongly alkaline. For correspond-

ence between ** degrees Beaumé ’’ and specific gravity see note, p. xxxii, and
Tables, pp. 322-328. *
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corresponding to one atom of hydrogen replaceable by a
metal. If the acid used is monobasic (hydrochloric, acetic,
etc.), one gramme-molecule of acid per litre is taken ; if it is
dibasic (sulphuric, oxalic, etc.) half a gramme-molecule, and
so on. In the same way, a ‘ normal "’ solution of an alkali
is one which exactly combines with its own volume of
““normal ”’ acid.

42. To prepare a normal solution of an acid, the most
simple and practical method consists in taking an accurately
weighed sample of some ammonium salt and distilling it
with soda in the apparatus described in § 39. The titre of
the acid can be calculated from the amount necessary
to_combine with the liberated ammonia. In practice the
most convenient ammonium salt to use is the oxalate
(NH,),(CO0), +H,0, since it is easily obtained pure, and is
neither efflorescent nor deliquescent.

43. The method is as follows. Weigh out -710 gramme
of the salt and introduce it into the distilling flask of the
apparatus (§ 39), with 150 cc. of water and a few cubic
centimetres of sodium hydrate solution ; distil, and collect
the distillate in a little water (4-5 cc.) tinged with helianthin.
A single drop of the indicator is sufficient ; any excess must
be avoided if the maximum degree of delicacy is to be
attained. As soon as ammonia distils over, the indicator
becomes yellow. As the distillation proceeds, the acid?! to
be titrated is run in from a graduated burette until the
indicator reassumes its original rose colour. Every time
the yellow reappears a little more acid is run in. Towards
the end of the operation the addition must be made very

1 The acid for titration is made by adding 52-53 grammes of con-
centrated sulphuric acid (166° B., see p. xxxii) to 700-800 cc. of water in a
graduated litre flask. The water should be put into the flask first, and the
acid added little by little with constant shaking. The whole is cooled and
the volume made up to 1 litre. By this procedure not only is the small
amount of water which the acid may contain allowed for, but a more
concentrated liquid than * normal ” is obtained, which allows of suitable
dilution. Theoretically, of course, 49 grammes of acid should be taken.
If it is desired not to weigh the acid, 30 cc. of acid may be taken in a pipette,
and the total volume made up to 1050 cc. If the acid is weighed or

measured do not forget to rinse out the containing vessel with water, which
is added to the contents of the measuring flask.



22 NORMAL ACIDS CH. 1

cautiously drop by drop, in order to avoid overshooting the
mark. The titration is ended when the rose no longer
changes to yellow. The quantity of ammonium oxalate
employed (710 gramme) corresponds to exactly 10 cc. of
‘““normal " acid. Hence if # cc. of acid are run in, it
is evident that these »# cc. must be diluted to 10 cc., to give
“normal ” acid. A volume v of acid must have a volume

v
of water equal to & (xo —n) added, to bring it to “normal.”

44. Generally speaking, “normal” sulphuric acid is
employed for titrating alkaline solutions. It will be remem-
bered that since sulphuric acid is dibasic, one litre of the
““normal ” acid will contain kalf a gramme-molecule of
H,SO, (i.e. 49 grammes), corresponding to one atom of re-
placeable hydrogen. This amount is capable of neutralizing
one gramme-molecule of monovalent alkali (soda, ammonia,
potash), or %alf a gramme-molecule of dibasic alkali (lime,
baryta, potassium carbonate, etc.).

It follows that if we dissolve one gramme-molecule of
monovalent alkali, or one half gramme - molecule of
divalent alkali, in one litre of water, these solutions will
correspond exactly to “ normal ” sulphuric acid, volume for
volume. Put in another and very practical way, 1 cc. of
normal (N/1) sulphuric acid corresponds also to

grm, grm.

‘056 of KOH ‘040 of NaOH
o)ty < 50 N[ B ‘028 ,, CaO
‘0765 ,, BaO 069 ,, K,CO,.

In calculating the value of a given titration, simply
multiply the number of cubic centimetres of acid employed
for neutralization by the factor corresponding to the alkali
in question in order to find the amount of alkali present.
Thus, if in titrating a sample of caustic soda, # cc. of
““normal ” acid were used, the amount of soda present would
be 7 x -040 gramme.
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Estimation of the Alkalinity of Ash

45. Weigh out 5 grammes of sawdust and carefully
incinerate it in a crucible with a muffle, taking care not to
go beyond a dull red heat. When the ash is nearly white,
allow it to cool and put it in a beaker, adding from 5 to
10 cc. of water and one drop of helianthin. Next run in a
slight excess of decinormal (N/10) hydrochloric acid (from
15 to 20 cc.) until a permanent rose colour is obtained; warm
and stir gently to assist the reaction. Then run in deci-
normal soda until the yellow tint is just reached. The
quantity of acid used, minus the quantity of soda, corre-
sponds to the alkalinity of the ash. It can be expressed,
for example, in terms of potassium carbonate. If the ash
contains free carbon, the helianthin will be absorbed and
the solution decolorized, thus rendering the indicator useless.

Colorimetric Estimation of Manganese

46. Titration of the amount of manganese can be carried
out colorimetrically, by oxidizing it to permanganic acid.

Preparation of the Ash—The dried tissue or extract is
incinerated at a dull red heat till all carbon has disappeared.
Allow it to cool, add slight excess of concentrated hydro-
chloric acid, and warm on a water-bath. When the liquid
is colourless add a little sulphuric acid to decompose any
chlorides present, then evaporate to dryness and re-incinerate
at a dull red heat. If the heating has been excessive, the
residue must be moistened with a drop of hydrochloric acid
and warmed for a few minutes ; then a little dilute sulphuric
acid is added and the whole evaporated till white fumes
appear.

47. Oxidation of Manganese.—The ashes are put in a
test-tube furnished with a 10 cc. mark, and dissolved in
2-3 cc. of dilute nitric acid (acid at 36° B.1l diluted with
three times its volume of water); from 2 to 5 drops of a

1 See Tables, pp. 322-328.
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10 per cent solution of silver nitrate, and :2--3 gramme of
powdered potassium persulphate are next added, the whole
made up to 10 cc. with distilled water and gently warmed.
A rose-violet colour shortly appears, varying in depth
according to the quantity of manganese present. The
mixture is gradually brought to boiling to decompose the
excess of persulphate, and the boiling stopped when all
evolution of oxygen has ceased ; the tube is then covered
and allowed to cool.

48. Colorimetric Estimation of Manganese.—First prepare
a solution containing 4-054 grammes of manganese sulphate
in one litre of water. The salt should be well crystallized
and not efflorescent. Dilute this solution, which contains
I mgr. of manganese per cc., one hundred times (i.e. I0 cc.
in 1 litre of water). Then take a series of perfectly clean !
test-tubes, and put into them exactly measured quantities
of the dilute manganese sulphate solution, for example, 5 cc.,
2 cc., I cC., 5 CC., -2 cC., *I cc. These are made up to 10 cc.
each with distilled water, giving quantities of manganese
respectively equal to 3%, 5%, 1897 z60, 5800 Tooo Milli-
gramme of manganese. Oxidize with potassium persulphate
as above; a colour series is thus obtained with which the
tint of the experimental tube can be compared. By taking
a sufficient number of standards a close approximation to
the amount of manganese present can be obtained.

Estimation of Iron in the Blood

49. Iron can easily be estimated as a ferrous salt by -
titration with potassium permanganate. From 3 to 5 cc.
of blood are taken and exactly weighed in a tared capsule.
This is thengently heated till a clot forms and then to dryness.
The residue is next incinerated, taking care that none is lost
by bubbling at the commencement of the operation. The
complete combustion of all carbon present is ensured by
adding a few small crystals of ammonium nitrate, and the

1 By boiling with a little nitric acid and thoroughly washing with
distilled water.
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residue is then dissolved in a few drops of concentrated
hydrochloric acid. It is then evaporated to dryness, a few
drops of sulphuric acid are added to decompose chlorides,
and the whole reheated until white fumes are evolved.

To the residue so obtained a little concentrated sulphuric
acid is added, and the whole is re-dissolved in a few cubic
centimetres of 10 per cent sulphuric acid. The solution is
transferred to an Erlenmeyer flask, a piece of granulated
zinc is added, and the flask closed with a cork through which
passes a glass tube with a narrow outlet. The liberated
hydrogen reduces ferric to ferrous salts ; after 15-20 minutes,
the reduction is complete and the liquid colourless.

The liquid is now transferred to another flask, by decanta-
tion, the original flask being washed out three times with a
little boiled distilled water. Care must be taken that no
particle of zinc passes over. It is then titrated with a
solution of potassium permanganate (-5 grm. per litre) until
a faint permanent pink is obtained.

The solution of potassium permanganate itself can
be easily titrated by means of a solution of iron-alum,
Fe,(SO,), +(NH,),SO, + 24H,0. Exactly 86 grammes of
this salt are weighed out, put into a graduated 1-litre flask,
and dissolved in a little water to which a few drops of
sulphuric acid have been added. The solution is made up
to one litre and well mixed.

For the titration 10 cc. of this solution (which contains
I mgr. of iron per cc.) are put into a flask, with 1 cc. of
sulphuric acid and a piece of granulated zinc, the resulting
liquid being decanted and titrated as above.



CHAPTER II

CHIEF INCOMBUSTIBLE GROUPS
Nitrates—Nitrites—Thiocyanates—Water—Chlorides—Phosphates

Detection of Nitrates

50. NITRATES are mainly formed in the soil by fermentation ;
thence they are partly absorbed by the roots of plants, and
partly washed into streams and rivers by rain.

Detection of Nitrates in Soil and Water.—In the case of
soil, 10 grammes of soil are mixed with 10 cc. of water, the
mixture is filtered, and a small quantity of the filtrate
evaporated to dryness on the water-bath. In the case of
waters, I-10 cc. are similarly evaporated, the residues being
treated as follows in either case.

5I. After complete cooling, the residue is mixed with
a few drops of pure sulphuric acid ; a few milligrammes of
ferrous sulphate are next added (a small crystal crushed
between two leaves of paper suffices), and the mixture stirred.
In the presence of nitrates a rose colourmakes its appearance,
which is due to reduction of nitric acid to nitric oxide by
ferrous sulphate, and the subsequent combination of this
gas with the excess of ferrous sulphate.

52. In place of this characteristic reaction, the following
is often employed. A drop of diphenylamine?! reagent is
allowed to fall upon the residue from evaporation of the

1 Diphenylamine reagent is prepared by mixing 100 cc. of pure H,SO,,
5 cc. of 5 per cent solution of diphenylamine sulphate, and 5 cc. of 10
per cent HCl.
26
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sample of water or filtrate, when a strong blue colour is
given if nitrates (or nitrites) are present.

53. A further test for the presence of nitrates is to moisten
the residue obtained as in § 50 with one or two drops of
concentrated sulphuric ‘acid, and then to add a few milli-
grammes of brucine, A red colour is produced which changes
first to orange, then to yellow.

54. Detection of Nitrates in Plants.—Nitrates are easily
detected in fresh plants provided they are examined soon
after being gathered. A small quantity of the plant (nettle,
clover, etc.) is crushed in a mortar and a drop of the juice
removed with a glass rod. To this are applied the tests
described in the preceding paragraphs.

Generally it is sufficient to rub the fresh section of a plant
stalk upon a white porcelain capsule, and to apply the tests
directly. }

Detection of Nitrites

55. Nitrites can be detected in samples of soil or water
by the following reactions :

Make some fresh starch paste, by boiling a fragment of
starch the size of a pin’s head with 6-8 cc. of water ; after
cooling add 1 cc. of a fresh solution of potassium iodide (or
a small crystal of the salt), and acidulate with a few drops
of acetic acid.

The mixture should remain colourless ; if prepared with
a stale solution of iodide already tinged yellow by free iodine,
it will be blue and useless. If to this colourless mixture
there be added a drop of a very dilute solution of a nitrite
(washing of soil, or a sample of water concentrated by
evaporation on the water-bath), an intense blue colour
appears due to the combination of starch with iodine
liberated by nitrous acid.

56. The foregoing reaction is given by the majority of
oxidizing substances ; the following is specific for nitrites.

Into a test-tube put 5 cc. of a filtered 1 per cent solution
of B-naphthylamine, acidified with 10 per cent of acetic
acid, and 5 cc. of a 1 per cent solution of sulphanilic acid ;
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no colour results from the admixture, but in the presence
of a trace of nitrite a rose colour appears (Griess’ reaction).

The nitrous acid liberated by the acetic acid in the reagent
reacts with the sulphanilic acid to produce a diazo-compound,
which in turn combines with the naphthylamine to form a
red compound according to the following equation :

SO,H SO,H
CoH~ NN, o+ Cuobly NHy = CoH, < i c,H,.NH, T H:0-

Detection of Thiocyanates

5v7. Thiocyanates often exist in small quantities in
saliva, gastric juice, and urine. In saliva they can be
recognized by the following reactions.

A few cubic centimetres of saliva are rendered definitely
acid with dilute hydrochloric acid; a very dilute solution
of ferric chloride is next added drop by drop; an orange
or red coloration indicates the presence of thiocyanates.

58. Make freshly about 5 cc. of dilute starch paste and
add a trace of potassium iodate (a fragment about the size
of two pin-heads). Acidulate the mixture with a little
dilute hydrochloric acid, no coloration should occur; but
on the addition of a few cubic centimetres of saliva the
solution becomes blue, due to the formation of iodide of
starch : thiocyanic acid reacts with iodic acid, and liberates
iodine.

Estimation of Water

59. Substances of animal or vegetable origin frequently
contain large quantities of water. In order to estimate these,
a certain quantity of the material under investigation is
accurately weighed, then dried and weighed again. The
difference between the original and final weighings gives the
amount of water lost. The water-content of such substances
is expressed as a percentage ; thusif W and w represent the
weights of a substance before and after desiccation respect-
ively, the percentage of moisture originally present is

obviously

~ ¥ % 100
w :
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On account of the instability of animal and vegetable
matter at elevated temperatures, the temperature at which
desiccation is effected must not exceed 120°. The material
is placed in a small very light flask, and put into an oven
regulated for, e.g., 100°. After a few hours the flask is removed
from the oven, corked, and weighed. (It is sometimes con-
venient to use a second flask as a partial counterpoise, suitable
adjustments of weights being made.) The experimental
flask, with its cork removed, is replaced in the oven and left
for another hour or two. It is then re-weighed, and if the
weight is found to be the same as when first weighed, the
contents may be regarded as dry. Should this not be the
case, it is replaced in the oven until no further loss of weight
is found between two consecutive readings. This procedure
is known as “ Drying to constant weight.”

In place of using glass flasks for the desiccation, it may
be carried out in a porcelain ‘“ boat” such as is used in
combustions. The boat on removal from the oven is then
transferred to a corked tube for weighing.

60. With certain bodies, especially starchy substances,
a state of equilibrium is obtained with the moisture of the
atmosphere, so that their degree of desiccation is a function
of its hygrometric condition. In other words, the desiccation
is relative and never complete (Maquenne), and in such cases
it is necessary to carry out the drying in a current of dry gas
(air, hydrogen, or carbon-dioxide). The substance is put in
a boat placed in a horizontal glass tube, which in turn is
placed in a suitable oven, and the gas selected is allowed to
pass over the boat and its contents, after bubbling slowly
through strong sulphuric acid at the rate of about one litre
per hour. Under these conditions desiccation is complete
in one hour at 120° or in two hours at 100°. The little boat
is furnished with a ring at one of its extremities, and with-
drawn with the aid of a hooked metal wire after the desired
time. The weighing is carried out in a corked tube as before,
drying being repeated until constant weight is attained.
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Incineration

61. Substances of animal or vegetable origin when
submitted to incineration leave a residue of mineral matter
known as the askh. This ash, of very complex composition,
contains usually appreciable amounts of salts of the alkali
metals (chlorides, phosphates) which are more or less fusible.
If the heating be excessive fusion occurs, the fused salts
envelop parts of the carbon and so prevent its oxidation ;
on the other hand, some of the salts (chlorides, bromides,
iodides) are volatile at a red heat. For these reasons, incin-
eration must always be carried out at the lowest possible
temperature ; practically, it may be said that a dull red heat
must not be exceeded. Under these conditions, the oxidation
of carbon resulting from decomposition of the organic matter
takes place with.a maximum of rapidity; it is only when
the incinerated material is exceptionally rich in alkali salts
that the slightest difficulty arises in obtaining a complete
decarbonization by simple direct heat.

In such cases, instead of maintaining the residue in-
definitely at a temperature which threatens loss of some of
the mineral constituents, when the carbon has disappeared
as far as seems likely, the residue should be allowed to cool
and then be treated with a little water. The alkali salts
which envelop and protect the particles of carbon are thus
dissolved ; the liquid and such insoluble residue as remain
are put on a small filter and washed with a little water until
soluble salts are practically removed; this can be demon-
strated by evaporating a drop of the filtrate on the water-
bath and observing that there is no residue or almost none.
The filter is now transferred to the incinerating capsule,
gently dried, and reheated. There is no danger to be
apprehended now, either from fusion of alkali salts or from
volatilization, so that the incineration can be conducted at
a bright red heat. The carbon rapidly disappears, leaving
only a residue of insoluble salts.

If an estimate of the total ash is required, the washings
obtained as described above are emptied into the incinerating
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capsule, and the whole evaporated to dryness upon the
water-bath ; a brief heating at dull redness completes the
operation, and crucible and contents are ready for cooling
and weighing.

The source of heat for an incineration may be either a
gas-jet, an alcohol lamp, or a furnace fitted with a muffle.
The gas-jet is simple, but has the disadvantage of intro-
ducing into the ash traces of sulphuric acid derived from
small quantities of sulphur compounds in the gas itself. It
may also in the case of ordinary muffle-furnaces, where the
fittings are of copper, similarly introduce traces of copper.

When the presence or exact determination of small
amounts of sulphur are the subject of investigation, the use
of the spirit lamp is especially indicated. If, on the other
hand, traces of copper are sought, the muffle heated with
wood charcoal is the most suitable.

For the purpose of ‘‘ ashing,” platinum capsules are
commonly used ; porcelain capsules may also be employed,
but only when the working temperature is insufficient to
lead to fusion of the alkali salts; if this occurs, action may
take place between them and the silicates contained in the
glaze of the porcelain.

Estimation of Chlorides in Urine

62. Five cubic centimetres of urine are taken in a small
porcelain or nickel capsule, a few decigrammes of pure
sodium carbonate added, and the whole evaporated to dry-
ness over a small flame without ebullition. The residue is
incinerated, care being taken to avoid spurting, and the
temperature never being allowed to exceed a dull red, so as
to avoid volatilization of chlorides. When incineration is
complete, the whole is allowed to cool and 5 to 10 cc. of
warm water added. After stirring and allowing to settle
for a moment, the colour of the supernatant liquid is ob-
served ; it should be colourless—if a yellow tint persists it
indicates incomplete destruction of carbon, and it is neces-
sary again to evaporate to dryness and heat to dull redness.
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The colourless liquid is passed through a filter, and the
residue washed with warm water so as to collect all the
chlorides present, in the filtrate.

63. Estimation of Chlorides by Mohr’s Method.—Neut-
ralize the filtrate obtained as above with very dilute nitric
acid added drop by drop; if the neutral point has been
slightly passed, a small pinch of pure powdered calcium
carbonate should be added. Then add three or four drops
of a 10 per cent solution of neutral potassium chromate to
serve as indicator, and run in a decinormal solution of
silver nitrate! from a burette, stirring continuously mean-
while. The silver nitrate solution is added until a faint
permanent red colour is produced ; this colour is due to
the presence of silver chromate, which is not formed until
all the chlorine present (as chloride) has been converted into
silver chloride. From the equation »

AgNO;  NaCl _AgCl A NaNOg
170 " 585 1435 85
a little calculation will show that each cubic centimetre of
silver solution corresponds to 3-55 mgr. of chlorine or to
5-85 mgr. of sodium chloride.

If numerous samples of urine have to be examined,
calculations may be simplified by making the silver solution
contain I4-530 grammes of silver nitrate per litre, corre-
sponding to I gramme of sodium chloride per litre.

This method may be applied directly to the urine with-
out previous incineration, but the results are inexact ; and
if it is desired to avoid incineration the following method
is preferable.

64. Estimation of Chlorides by Volhardt's Method.—Ten
cubic centimetres of urine are placed in a graduated 100 cc.
flask, with enough nitric acid to render the mixture de-
finitely acid to litmus (1 to 2 cc.). Decinormal silver nitrate

1 This is made by dissolving silver nitrate in water (17 grammes in
1 litre). The salt should be well crystallized and free from any excess of
acid, or still better should be fused in a little porcelain crucible, but at a
temperature sufficiently low to avoid any decomposition (shown by
blackening).



§6s CHLORIDES IN URINE (GRAVIMETRIC) 33

solution is next added in quantities of 5 cc. at a time, until
it appears to be in excess, which is indicated thus. After
each addition the mixture is well shaken, so as to assist as
far as possible the precipitation of silver chloride. Aslong as
chlorides remain in solution, complete clearing does not take
place readily; when, however, there is excess of silver
solution, a curdy precipitate results after shaking, and leaves
an almost clear supernatant liquid.

The whole is now made up to 100 cc. with distilled
water, shaken and filtered.

It is next necessary to estimate the excess of silver
contained in the liquid. Fifty cubic centimetres are put
into a test-glass ; 2 to 3 cc. of a 5 per cent solution of ferric
sulphate (or of iron-alum) are added, and then drop by drop
from a burette a decinormal solution of potassium thio-
cyanate.! First of all a white precipitate of silver thio-
cyanate forms, then when all the silver has been precipitated
the red colour due to the iron salt appears. At this point
the reaction is stopped. The number of cc. of thiocyanate
solution employed, multiplied by 2, indicates the quantity
of decinormal silver solution remaining in excess of that
used to precipitate the chlorides in 10 cc. of urine. If V
be the total number of cubic centimetres of N/xo silver nitrate
used for 10 cc. of urine, v the excess remaining after all the
chlorides have been precipitated, and » the number of cc.
of thiocyanate solution used, then the sodium-chloride
content of the urine in grammes per litre is

(V - 2m) x .00585 % 100.

65. Gravimetric Estimation of Chlorides.—This estimation
is based upon the precipitation of silver chloride, which is
then washed, dried, and weighed.

1 To prepare this solution 10-12 grammes of potassium thiocyanate
are dissolved in 1 litre of water and the whole thoroughly mixed. It is
titrated by running it drop by drop from a burette into a beaker containing
10 cc. of N/10 silver nitrate and 20 cc. of water, to which are added 2 or 3 cc.
of the ferric sulphate solution and 10 drops of nitric acid. The mixture
is constantly stirred, and the volume (v) necessary to produce a permanent
red colour is noted. To make the thiocyanate solution exactly normal,

add to each litre made as above a quantity of water equal to 2

X 1000.

D
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The ash from 10 cc. of urine is extracted with water as
described in § 62, and the extraction must be continued
until a drop of the filtered liquid collected in a watch-glass
does not give the slightest turbidity with a solution of
silver nitrate. The whole filtrate from the extracted ash is
put into an Erlenmeyer flask and acidified with 1 to 2 cc.
of nitric acid. Then a 10 per cent solution of silver nitrate
is added drop by drop, with continuous shaking of the
mixture as long as a precipitate is formed ; this precipitate
falls and collects easily as soon as there is an excess of
silver nitrate.

Warm on the water-bath for a few minutes until the
precipitate has settled, and decant the liquid upon a filter
previously moistened and supported by a 60° funnel. The
precipitate remaining in the flask is shaken up with warm
water acidified with a drop of nitric acid, allowed to settle,
and the supernatant liquid again decanted. This washing
by decantation is repeated two or three times, and then
the whole precipitate is washed on to the filter with the
assistance of a jet from the wash-bottle. Wash again on
the filter with warm water, until the filtrate gives no
turbidity with hydrochloric acid, and leave to drain. The
funnel, filter, and contents are then dried in the air-bath
at 100°-110°.

After drying, the filter is removed from the funnel and
placed point-upwards upon a sheet of glazed paper (black
for preference). By gentle pressure the precipitate is de-
tached from the filter - paper, which is now folded and
placed in a small tared capsule, while the precipitate resting
on the black glazed paper is covered with a large glass
funnel to avoid risk of loss.

The capsule is first gently heated to carbonize the filter,
and then more strongly to burn it; it is next allowed to
cool, the ash is moistened with a drop of nitric acid and then
evaporated gently to dryness. A drop of hydrochloric acid
is next added and the evaporation repeated. By this means
any particles of metallic silver reduced by the action of the
carbon formed during incineration of the paper are again
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converted into silver chloride. The main bulk of the pre-
cipitate is now introduced into the capsule and the whole
heated until the silver chloride just commences to fuse
round the edges. It is then allowed to cool and finally
weighed.

The weight of silver chloride multiplied by 0-4077 gives
the quantity of sodium chloride contained in 10 cc. of
urine.

Behaviour of Phosphoric Acid and of Phosphates in
the Presence of Different Indicators

66. Phosphoric acid, PO.(OH),, is atribasic acid in which
the acid functions react differently with different indicators.
The first, comparable as regards activity with that of sulphuric
or hydrochloric acids, acts upon all indicators, litmus, heli-
anthin, and phenolphthalein. When this is saturated, the
second behaves as a feeble acid like carbonic acid ; it acts on
(alkaline) phenolphthalein, more definitely on litmus, and
most of all on helianthin. As regards the third it possesses
such feebly acid properties that it is unable to displace the
indicators mentioned when they are combined as alkaline
salts.

These characters may be employed to determine whether
a given solution contains phosphoric acid in a free or more
or less combined state. They may also be applied to the
titration of this acid or of its sodium, potassium, or am-
monium salts.

67. As an example the following may be given. Into
three glasses are put 10 cc. of phosphoric acid solution con-
taining 1 gramme-molecule of the acid per litre (98 grammes,
or practically 158 grammes of the commercial acid at 45° B.).
To the first glass add a drop of orange 11 (or; helian-
thin), to the second 1 drop of an alcoholic solution of
phenolphthalein, and to the third 4-5 drops of tincture of
litmus. Then to each add just enough normal soda solution
to give a permanent tint.

With the first glass (orange II1. as 1nd1cator) the colour
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change from red to yellow occurs when 10 cc. of soda have
been run in. This point corresponds to the transformation
of all the acid into monosodium phosphate, NaH,PO,, or, to
be strictly accurate, to the addition of just a trace of alkali
in excess of that needed to effect this combination.

With the glass containing phenolphthalein as indicator,
the rose tint only appears after the addition of 20 cc. of
soda, 7.e. just twice the amount used in the first case; this
corresponds to the conversion of the acid into disodium
phosphate, Na,HPO,. .

With litmus as indicator, a violet-red makes its appear-
ance after the addition of g to 10 cc. of soda solution ; with
further addition of soda the violet-red becomes more and
more blue, until when 20-22 cc. of alkali have been added
the colour is frankly blue. In consequence of this lack of
sharpness of definition in the colours produced, litmus
should never be used as an indicator in the presence of
phosphates.

The following table gives the reactions of phosphoric
acid and the phosphates of alkali metals to the above-

mentioned reagents.
Orange 1. Litmus, Phenolphthalein.

Free phosphoric acid HgPO, . . . Acid Acid Acid
Mono-metallic phosphate (NaH,PO,) Neutral Acid Acid
Di-metallic 5 (Na,HPO,)  Alkaline Alkaline Neutrall
Tri-metallic 3 (NagPO,) . Alkaline Alkaline  Alkaline

Of the phosphates of the alkaline earths, those correspond-
ing to the above mono- and di-metallic types are both acid
to these three indicators, while those corresponding to the
tri-metallic type are neutral.

Estimation of Phosphoric Acid and of Alkali
Phosphates
68. Phosphoric acid and the phosphates of the alkali

metals may occur mixed in various solutions ; but on account
of their different degrees of acidity and alkalinity and

1 Phosphates of this type are in reality very faintly alkaline to
phenolphthalein.
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consequent reciprocal actions, the following combinations
only can exist; in the case, e.g., of sodium.
H,PO, + NaH,PO,
NaH,PO, + Na,HPO,
Na,HPO, + Na;PO,
Any other mixture made will be immediately transformed into
one of these three types. It is easy to see by the combined
use of the two indicators, orange I11. and phenolphthalein,
with which type of mixture one has to deal ; as is shown in
the following table, wherein of coursethe Na may be replaced
by K or NH,, either wholly or in part.
Orange 1. Phenolphthalein.
(r) H;PO, +NaH,PO, Acid (red) Acid (colourless)
(2) NaH,PO,+ Na,HPO, Alkaline (yellow) Acid (colourless)
(3) Na,HPO + Na,PO, Alkaline (yellow) Alkaline (rose)

69. (1) If the mixture 1is acid to both indicators. This
may be due either to the presence of free phosphoric acid
alone, or to a mixture of phosphoric acid and monosodium
dihydrogen phosphate.

Take 10 cc. of the liquid, add a drop of orange 111.,
then the soda solution (N/ro for example) until the red
gradually changes to yellow (x cubic centimetres). The acid
has thereby been changed into the monosodium compound.

Take another 10 cc. of the liquid and add a drop of
phenolphthalein solution, then N/10 soda solution until a
faint permanent pink is obtained (y cubic centimetres). The
whole has then been changed to the disodium compound.

If now y =2x, the original liquid contained phosphoric
acid alone, for evidently in this case twice as much soda is
needed to produce Na,HPO, as NaH,PO,.

But if y > 2x, the mixture present is H,PO, +NaH,PO, ;
in this case x represents the quantity of soda necessary to
convert H,PO, to NaH,PO,. In other words, x gives the
amount of phosphoric acid present, which is expressed, in
grammes per litre, by x x -0098 x 100.1

1 1t should be remembered that H;PO,=098.
NaH,PD, =120,
Na,HPO,=142.
Na,PO,=164.
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It is obvious that 2x represents the amount of soda
necessary to convert this phosphoric acid into NaH,PO,, and
consequently (y-2x) is the quantity of soda necessary to
convert the NaH,PO, already present into Na,HPO,. In
other words, (y-2x) gives the quantity of monosodium
phosphate, which is expressed in grammes per litre, by
(¥ —2%) x -012 x 100.

If the acidity of the liquid to orange 11. disappears on
the addition of a single drop of decinormal soda, mono-
sodium phosphate alone is present which can be titrated
with soda in the presence of phenolphthalein.

70. (2) The solution is alkaline to oramge 1:1., but acid
to phenolphthalein. Here we have to deal with a mixture of
mono- and di-sodium phosphates. To 10 cc. of the solution
are added a drop of orange 111. and then just sufficient N/10
sulphuric acid to produce a rose colour. Call this quantity
of acid x cubic centimetres. The Na,HPO, originally present
is changed to NaH,PO,, and x represents the quantity of
soda corresponding to the disodium phosphate present,
expressed in grammes per litre, by x x -0142 x 100.

Now to 10 cc. of the original liquid add a drop of phenol-
phthalein and sufficient N/10 soda to produce a pink colour
(¥ cubic centimetres). It is easy to see that the NaH,PO,
has been changed to Na,HPO,; in other words, y measures
the monosodium phosphate present. Expressed in grammes
per litre this is ¥ x -012 x 100.

. (3) The liqguid is alkaline to both indicators. Here
we have to deal with tri-sodium phosphate alone, or a
mixture of tri- and bi-sodium phosphates, or a mixture of
tri-sodium phosphate with an excess of soda. To 10 cc. of
the solution a drop of phenolphthalein is added. Decinormal
sulphuric acid is next run in until the pink colour just dis-
appears. Call this amount of acid x cubic centimetres. All
the tri-sodium phosphate Na,PO, will then have been trans-
formed to the disodium compound Na,HPO,.

If a further 10 cc. of the original liquid are taken, and
after the addition of a drop of orange 111., N/10 sulphuric
acid is run in until the yellow tint is just replaced by a pink,
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all the phosphates present will exist in the form of mono-
sodium phosphate NaH,PO,. Call the amount of deci-
normal acid so run in y cubic centimetres. Now if y=2x,
the original solution contained tri-sodium phosphate alone,
since it requires twice -as much acid to transform it into
NaH,PO, than into Na,HPO,.

But if y > 2x, the mixture contained Na,HPO, and
NayzP0O,. In this case x represents the amount of acid
necessary to transform NaysPO, into Na,HPO,. In other
words, ¥ measures the tri-sodium phosphate. Expressed in
grammes per litre, this quantity is x x -0164 x 100.

Since 2x represents the number of cubic centimetres of
acid necessary to bring this same tri-sodium phosphate to the
condition of the monosodium phosphate, the difference
y-—2x gives the quantity of acid corresponding to the
di-sodium phosphate. Expressed in grammes per litre, this
is (y - 2%) x ‘0142 x 100.

It is evident that if the alkalinity of this last mixture
with phenolphthalein disappears upon .the addition of a
single drop of acid, we should be dealing with di-sodium
phosphate only, which could easily be titrated in the presence
of orange 1.} :

3

Estimation of Phosphoric Acid

72. Volumetric Determination by the Uranium Method.—
The principle of this method depends upon the formation of
a uranium phosphate which is insoluble in acetic acid. The
end point of the reaction is attained when a drop of the
liquid gives a reddish-brown colour with potassium ferro-
cyanide, due to the formation of uranium ferrocyanide, and
indicating the presence of an excess of uranium. This
process is however tedious, and the titration may be carried
out with cochineal as an indicator. This body changes from
red to green in the presence of excess of uranium.

1 When a mixture of tri-sodium phosphate and excess of soda is in

question y>2x. Here the difference ¥ — corresponds to the tri-sodium
phosphate.
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The colour change in cochineal is, however, difficult
to observe accurately when one is dealing with complex
substances such as urine. In such cases the two methods
may be combined ; cochineal being used to show when the
operation is nearing completion, and potassium ferrocyanide
to determine the exact end-point.

73. To 20 cubic centimetres of urine add 1 cc. of tincture
of cochineal, and neutralize. If the urine is acid, add dilute
ammonia, drop by drop, until a violet-red colour is produced ;
if on the other hand it is alkaline, add dilute nitric acid until
the colour is a reddish-yellow. Next add 2 cc. of a 10 per
cent solution of sodium acetate and 3 drops of glacial acetic
acid. Bring the whole to boiling and run into the boiling
mixture the standard uranium nitrate solution,! until a
definite green colour is obtained. Remove a drop of the
liquid on a glass rod and allow it to fall upon a minute crystal
of potassium ferrocyanide ; this will turn red or brown when
the operation is complete.?

If no coloration occurs add more of the uranium solution,
two drops at a time until a positive result is attained.

The solution of uranium nitrate is standardized by
titrating it, as above, against 20 cubic centimetres of a
solution of acid ammonium phosphate (NH,)H,PO,, con-
taining 3-24 grammes per litre. Each cubic centimetre of
this corresponds to -002 gramme of phosphoric anhydride
P,Oy, and 1 litre corresponds to 2 grammes of P,0;.

When the uranium nitrate has been accurately standard-
ized against the phosphate, and the necessary convection
made in its phosphate value, the number of cubic centimetres
obtained from titration of the urine multiplied by 2 will give
the quantity of P,O4 in the sample, expressed as grammes
per litre.

74. Gravimetric Estimation.—The method is based upon
the precipitation of phosphoric acid as ammonio-magnesium

1 Standard uranium nitrate solution contains 40 grammes of uranium
nitrate and 10 grammes ofsodium acetate in 1 litre.

2 The rapidity of development of the colour will vary with the size of
the crystal used ; hence it is desirable to employ these approximately the
same size, say I c.mm.
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phosphate ; this when calcined is converted into magnesium
pyrophosphate, which is then weighed.

The cases presenting the greatest complexity are those
where the phosphoric acid is combined not only with the
alkali metals, but with calcium, magnesium, or iron, as in
ashes of animal or vegetable origin, urine, etc. The pre-
cipitation of these metals by ammonia can be inhibited by
ammonium citrate.

75. For the gravimetric estimation of phosphoric acid in
urine the following method is used. To 50 ce. of urine are
added 1 gramme of citric acid dissolved in a few cubic centi-
metres of water ; then 10 cc. of 2 10 per cent solution of
ammonium chloride, 3 or 4 centimetres of 10 per cent
magnesium chloride ; finally ammonia is added drop by drop,
with constant stirring, until a faint odour of ammonia is
distinctly noticeable. A precipitate soon forms, and when
no more comes down, a volume of ammonia equal to one-third
of the total volume of liquid is added, the whole thoroughly
mixed, covered and allowed to stand for twenty-four hours.!

The mixture is then decanted on to a filter, and the pre-
cipitate washed with water containing one-fifth of its volume
of ammonia. Washing is continued until the filtrate,
acidified with nitric acid, no longer gives a precipitate with
silver nitrate. Finally, to wash all the precipitate on to the
filter small quantities of the dilute ammonia are used (a few
cubic centimetres at a time), the precipitate being removed
from the sides of the beaker by a glass rod guarded by a
piece of rubber tubing about 1-2 centimetres in length. The
filter with its contents is dried in the air-bath at 100°. As
much as possible of the dried precipitate is then detached
by means of a camel-hair brush. The filter with its adherent
residue is then incinerated in a porcelain crucible, and after
cooling, the bulk of the precipitate is added to the contents
of the crucible. This is again heated and slowly brought to
redness, so as to transform the ammonio-magnesium phos-

1 Two hours’ standing is sufficient if the precipitation commences

immediately; under these conditions there is no risk of supersaturation with
ammonio-magnesium phosphate.



42 ESTIMATION OF PHOSPHORIC ACID  cu.u

phate MgNH,(PO,) into magnesium pyrophosphate Mg,P,0,.
The heating is stopped when the contents of the crucible
become white or at least greyish.!

The phosphate so obtained contains a small amount of
magnesium oxide derived from ammonio-magnesium urate,
which is precipitated at the same time as the phosphate.
For approximate estimations this may be disregarded, and
the calcined precipitate directly weighed. For exact deter-
minations, the residue is dissolved in 3-5 cubic centimetres
of 50 per cent hydrochloric acid, and heated on the water-
bath for an hour, so as to transform the pyrophosphate into
orthophosphate. It is then diluted with a little water and
filtered to remove any traces of carbon, if such are present ;
a crystal of citric acid is next added to the filtrate, which is
then precipitated by addition of a slight excess of ammonia.
Finally a volume of ammonia equal to one-third of that of
the original liquid is added. The mixture is allowed to
stand, and the precipitate collected on a filter is treated
as described above. After cooling the pyrophosphate is
weighed. The weight obtained multiplied by -6396 x 20
gives the amount of P,O; present in 1 litre of urine.

1 If the precipitate remains black, it is allowed to cool, then moistened
with a drop of nitric acid. This is then gently evaporated off, and the

crucible and contents heated to redness. The precipitate will then be
found to be completely white.



CHAPTER III
THE GLUCOSE GROUP AND HYDROLYSABLE SUGARS

Sugars

76. THE percentage composition of these bodies corre-
sponds generally to the formula C,(H,0),,, where #» and m
are variable quantities; on account of this they are often
known by the unscientific name of ‘‘ carbohydrates.”

They include :

(1) The glucose group, or reducing sugars of the general
formula C,H,,0,, in which # varies from 3 to 6. .

(2) The condensation products of the above, or “sac-
charides,” to which must be added some natural derivatives;
these latter are either substitution products such as
methylglucose, C,H,, ,0,.CH;, or hydrogen-addltlon pro-
ducts, such as the mannitols, C H,,,.0,.

The saccharides are formed by the condensation of
2,3, 4 . . . n molecules of either the same or different sugars
of the glucose type, with the elimination of 1,2,3 ... (n-1)
molecules of water; from this constitution they have re-
ceived the names of disaccharides, trisaccharides, etc., and
generally speaking for the higher members, polysaccharides.

The simpler members of the group are freely soluble in
water, crystallizable, and have a sweet taste. According to
the mode of linkage of the molecules which form them they
may or may not have reducing properties. Upon hydro-
lysis they are split up into two or more molecules of the
simpler sugars (hexoses) (see Table, p. 59) ; on this account
they are termed hydrolysable sugars; while according to

43
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their power of reducing Fehling’s solution, or otherwise, they
are divided into two groups—the reducing and the non-
reducing sugars.

The more complex polysaccharides are in general either
insoluble or only slightly soluble in cold water ; they crystallize
with difficulty or are even amorphous. From a biological
standpoint they may be divided into nutritive polysac-
charides and reserve polysaccharides.

In addition to the above-mentioned bodies, which all
belong to the fatty series, there may be mentioned in this
connection the inosite group, or, as they are sometimes
called, the “ sugars of the aromatic series.”

As regards the glucosides, these may be considered as
compound saccharides in which one molecule of a sugar of
the glucose group or of a hydrolysable sugar is linked to a
different type of molecule, such as a phenol or an aromatic
alcohol.

Reactions of the Reducing Sugars
Action of Alkalies

77. Upon boiling a solution of glucose or other reducing
sugar with a solution of potash or soda, or with lime, the
liquid becomes more or less yellow owing to the production
of caramel.

This reaction still occurs, though with less intensity, if
instead of the caustic alkalies themselves alkaline salts
(e.g. carbonates) are employed.

Reducing Properties
Preparation of Alkali-Copper Mixture

78. On adding a solution of caustic potash to one of
copper sulphate, a blue precipitate of copper hydrate is
formed, which is insoluble in excess of potash. If, however,
the solution contains certain organic substances such as
glycerol, mannitol, glucose, tartrates, etc., which contain
alcoholic groups, re-solution of the precipitate occurs. This
observation forms the basis for the preparation of the
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alkali-copper mixture first proposed by the French chemist
Barreswill, but commonly known as ““ Fehling’s solution.”

A good reagent of this type is obtained by following the
directions given by Pasteur. The two following solutions
are prepared—

1.
Copper sulpha.te : . 40 grammes
© Water . . . 300 cubic centimetres
1L
Caustic sodal . ¥ 130 grammes
Neutral potassium tartrate 160 grammes
Water 8 3 - . 700 cubic centimetres

The copper solution is added to the alkaline mixture with
constant stirring and the whole boiled for a quarter of an
hour. It is then allowed to settle; the supernatant liquid
is carefully decanted, so as not to carry over any of the
deposit, and then made up to 1 litre with distilled water.

The liquid so obtained must be preserved in the dark,
and in course of time it deteriorates, so that it requires .
examination as follows before it is used for testing. One
or two cubic centimetres are placed in a test-tube with
2 to 3 times their volume of water and well boiled ; the
fluid should remain perfectly clear. If it has deteriorated,
a precipitate of cuprous oxide will be produced and it must
be rejected.

79. Method of Testing.—Place a few cc. of the reagent
in a' test-tube, boil briskly, and add, drop by drop, a
solution of some reducing sugar (e.g. glucose), when a red
precipitate of cuprous oxide forms, the liquid at the same
time being more or less decolorized. The cuprous oxide is
formed by the reduction of cupric hydrate, a part of the
oxygen being employed in the oxidation of the sugar.

2Cu(OH),=Cu,0 + O + 2 - 2H,0.
When there is excess of sugar, there is not only total

1 The solid caustic soda may be replaced by 330 cc. of soda lye at
36° B. (p- xxxii) ; then only 350 cc. of water are added.
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precipitation of the copper, but the solution becomes yellow
owing to the action of alkali upon the sugar (caramel).

If, however, only a small amount of sugar is present,
and this in the presence of certain organic substances, the
cuprous oxide instead of having a fine red colour and form-
ing a dense precipitate, is orange, yellow, or even greenish,
and precipitates with difficulty. This frequently occurs
when urine is tested for the presence of sugar.

80. Other Reducing Reactions.—The reducing action of
sugars containing an aldehyde or ketone group, when in an
alkaline medium, occurs with other metals besides copper,
such as mercury, bismuth, and silver, or with certain organic
substances such as picric acid. This may be shown as
follows.

To two or three cc. of a dilute solution of glucose are
added a pastille of caustic potash and a small quantity of
mercuric chloride. On heating, the original yellowish-white
precipitate first becomes grey, then black.

81. By replacing the mercuric chloride of the preceding
experiment with bismuth subnitrate, a white precipitate
forms, which blackens on boiling. This test is very sen-
sitive.

82. A test-tube is first thoroughly cleaned by boiling in
it a mixture of nitric acid and lead oxide, and then care-
fully washed with distilled water. In it are placed 5 cc.
of a T or 2 per cent solution of silver nitrate, and dilute
ammonia is added, drop by drop, till the precipitate of
silver oxide just dissolves. Two or three cc. of a dilute
solution of glucose are next added, the mixture shaken,
and carefully warmed. A brilliant mirror of metallic silver
is deposited on the inside of the test-tube.

83. Certain organic bodies are also reduced by these
sugars. To 4 or 5 cc. of picric acid solution add a slight
excess of soda, then a drop of glucose solution, and boil ;
a blood-red colour appears, due to the reduction of picric
to picramic acid.

CeH,. OH. (NO,); + H,0 = C,H,.OH.NH,. (NO,), + Oj.
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~

Furfurol Colour Reactions

84. If a reducing sugar is heated with a suitable con-
centration of acid, a furfurol compound is produced ; this
latter can combine with a phenol and form a compound
whose colour depends upon the sugar and the phenol em-
ployed.

If orcinol and concentrated hydrochloric acid are used,
the colour is violet-blue with the pentoses, orange-red with:
the methyl-pentoses and hexoses (G. Bertrand). With
phloro-glucinol and concentrated hydrochloric acid the
colour produced is red in all cases.

85. The procedure is as follows : Take 2 or 3 cc. of pure
concentrated hydrochloric acid in a test-tube, add a few
milligrammes of orcinol and of the sugar under examination ;
heat gently; in a few moments the characteristic colour
appears, which, however, is often preceded by a pale yellow
tint. On continuing to heat, the depth of colour increases
and eventually a precipitate is formed. The heating must
be very gentle (40°-50°) to avoid an unduly early formation
of the precipitate, as the reaction is especially distinct in
the earlier stages of the procedure, when the colouring
matter is still in solution ; moreover, too great heat may
produce browning of the liquid, which will mask the colora- -
tion.

The reaction will also occur at the ordinary temperature,
but then requires several hours for its completion. If the
hydrochloric acid used contains traces of iron the colour
given by the pentoses changes to green.

86. The following reaction (known as Séliwanoff’s) en-
ables us to distinguish between aldehydic and ketonic sugars ;
it depends upon the fact that if the hydrochlonc acid used
as above be diluted with its own volume of water the ketonic
sugars alone give the reaction. It is mostly used for the
detection of levulose, and the phenol used is resorcinol ;

the colour obtained in this case is red.
- We may note here that when pure reducing sugars are
used to obtain these furfurol reactions, the colours so obtained



48 FURFUROL CH. 1II

are also given by the substances whence they are experi-
mentally derived. Thus xylane gives the violet-blue of the
pentoses with orcinol and hydrochloric acid ; starch and most
glucosides give the orange-red of the hexoses under the same
conditions ; saccharose and inulin give Séliwanoff’s reaction,
ete.

Preparation and Characters of Furfurol

87. Furfurol is produced by the distillation of bran or
gum with hydrochloric or dilute sulphuric acid.

Five grammes of cherry-tree gum! (or gum arabic) are
dissolved in 50 cc. of warm water and placed in a 250 cc.
flask ; 15 cc. of concentrated hydrochloric acid are next
added together with a drop of oil to prevent frothing.
Connect the flask to a condenser, distil slowly, and collect
the distillate, which is an aqueous solution of furfurol.
Observe the odour of the liquid and the following character-
istic reactions.

88. Orcinol Hydrochloric Acid Reaction.—Proceed as in the
case of examination for a pentose, but replacing the sugar
by a single drop of the distillate (§ 87), so as to avoid dilution
of the acid.

89. Aniline Acetate Reaction.—To a few cubic centimetres
of furfurol solution are added a few drops of acetic acid and
a drop of aniline; a vivid red colour is produced. Test
papers soaked in aniline acetate and allowed to dry may
also be used for this reaction.

Action of Phenylhydrazine on Sugars
90. Preparation of Mannose-Hydrazone.—Mannose gives
with phenylhydrazine in the cold a characteristic compound
which is only slightly soluble, and which serves for its recog-
nition and separation. The compound results from the
union of one molecule of each of the reacting substances
with the elimination of one molecule of water.
CH,OH. (CHOH),.CHO + NH,.NH.C,H, =
CH,OH. (CHOH),.CH:N.NH.CH, + H,O.

! In place of the gum, a mixture of 10 grammes of bran with 50 cc. of
water may be used.
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In the case of ketonic sugars a similar reaction occurs,
the changes being represented by

CH,OH . (CH . OH);.CO . CH,0H + NH,. NH . C;H; =
CH,.OH. (CH.OH);.C.CHyOH +H,0

N - NH.C.H;

To prepare the mannose compound 180 grammes of
mannose require 108 grammes of phenylhydrazine ; in any
given case the amount of mannose is roughly estimated
and the calculated amount of phenylhydrazine (dissolved
in dilute acetic acid) is added.

al Biological Chemistry.

ERRATA

Page 49. The equation representing the action of phenylhydrazine upon ketonic
sugars should read :

H.OH . (CH . OH), . CO . CH,OH + NH, . NH . CH,=
i ® CH,OH{CHOH),.C.CH,0H +H,0

]

N.NH. CH,

Page 50. The equation representing the formation of osazones should read :

CH,OH . (CHOH), . CHO+38NH, . NH . Cel;=

CH,OH . (CHOH); . C. CH : N . NH . CgHj+ Cgl;NH,+ NH, +2H,0

N.NH. GH,.

turplaity nrst appears and then a precipitate of mannose-
hydrazone, which microscopically appears as crystalline
spherules (Fig. 4). Its melting-point is 198°-199° (by
Maquenne’s block).

92. Production of Sugar Osazones.—All reducing sugars
when treated with excess of phenylhydrazine acetate in the
warm, form crystalline yellow compounds of slight solubility
to which the name of osazones has been given. Here, two

1 To prepare this, mix : Phenylhydrazine, 10 grammes ; glacial acetic
acid, 10 cubic centimetres; distilled water, 10 to 100 cubic centimetres.

E
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are also given by the substances whence they are experi-
mentally derived. Thus xylane gives the violet-blue of the
pentoses with orcinol and hydrochloric acid ; starch and most
glucosides give the orange-red of the hexoses under the same
conditions ; saccharose and inulin give Séliwanoff’s reaction,
ete. -
Preparation and Characters of Furfurol

87. Furfurol is produced by the distillation of bran or
gum with hydrochloric or dilute sulphuric acid.

Five grammes of cherry-tree gum?! (or gum arabic) are
dissolved in 50 cc. of warm water and placed in a 250 cc.

90. Preparation of Mannose-Hydrazone.—Mannose gives
with phenylhydrazine in the cold a characteristic compound
which is only slightly soluble, and which serves for its recog-
nition and separation. The compound results from the
union of one molecule of each of the reacting substances
with the elimination of one molecule of water.
CH,OH.(CHOH),.CHO + NH,.NH.C,H, =

CH,OH. (CHOH),.CH:N.NH.C,H; + H,O0.

! In place of the gum, a mixture of 10 grammes of bran with 50 cc. of
water may be used.
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In the case of ketonic sugars a similar reaction occurs,
the changes being represented by

CH,OH . (CH . OH),.CO .CH,0H + NH,. NH . C;H, =
CH,.OH. (CH.OH);.C.CH OH +H,0

N-NH.CH,

To prepare the mannose compound 180 grammes of
mannose require 108 grammes of phenylhydrazine ; in any
given case the amount of mannose is roughly estimated
and the calculated amount of phenylhydrazine (dissolved
in dilute acetic acid) is added.

Fi1G. 4.—Mannose Hydrazone.

9. As an example: 50 cc. of a 2 per cent solution of
mannose are put into a test-glass, 6-7 cc. of acetate of
phenylhydrazine * added, and the mixture well stirred. A
turbidity first appears and then a precipitate of mannose-
hydrazone, which microscopically appears as crystalline
spherules (Fig. 4). Its melting-point is 198°-199° (by
Maquenne’s block).

92. Production of Sugar Osazones—All reducing sugars
when treated with excess of phenylhydrazine acetate in the
warm, form crystalline yellow compounds of slight solubility
to which the name of osazones has been given. Here, two

1 To prepare this, mix : Phenylhydrazine, 10 grammes ; glacial acetic
acid, 10 cubic centimetres; distilled water, 10 to 100 cubic centimetres.

E
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molecules of the base combine with one molecule of the sugar;
at the same time hydrogen is liberated and acts upon the
excess of phenylhydrazine to produce aniline.

CH,OH . (CH.OH), .CHO +3NH, . NH . C;H, =
CH,OH . (CH.OH),.CH.CHy N. NH . C;H; + CglI,NH, + NH, + 2H,0

I
N- NH. CH,

03. To prepare glucosazone, heat on the water-bath for
an hour a mixture of 50 cc. of 1 per cent glucose solution
with 10 cc. of the phenylhydrazine solution just described.
Allow it to cool, and collect the crystalline deposit on a filter.

F1G. 5.—Glucosazone.

Wash it to the bottom of the filter with water and then
several times with methyl alcohol, using in all about 20 cc.
of the alcohol.? Dry the crystals by pressing them between
layers of filter-paper, and they will thus be pure enough for
the determination of their melting-point.

This procedure is manifestly only applicable to osazones
which have but a slight solubility in methyl alcohol, such
as glucosazone and galactosazone; those whichare sufficiently
soluble in water or organic solvents are dissolved in boiling
water and recrystallized several times.

Theosazoneshave very different melting-points (seep. 330),

1 Their very slight solubility in methyl alcohol especially characterises
glucosazone and galactosazone (G. Bertrand).
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and very different and often characteristic crystalline forms.
To examine them microscopically take a drop of the liquid
containing them on a microscope slide, cover with a cover-

FiG. 6.—Galactosazone.

glass, and examine with a suitable objective. With a magni-
fication of 500 diameters, glucosazone appears as yellow
crystals in brush or fan-like groups of fine needles (Fig. 5).

Fi1G. 7.—Arabinosazone.

Galactosazone under the same magnification appears as
fine plates, lying either free or in groups of various forms
and sizes (Fig. 6). '

Arabinosazone forms very long fine filaments, which are
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variously curved (Fig. 7); while xylosazone appears as
beautiful long needles (Fig. 8), and maltosazone forms plates
usually grouped in rosettes (Fig. 41).

94. Investigation of Reducing Sugars in the Presence of
Saccharose—If it is desired to test for a reducing sugar by
the phenylhydrazine method when saccharose is also present,
the phenylhydrazine solution, previously described in § 91,

Fi1G. 8.—Xylosazone.

must not be used, as it contains an excess of acetic acid

which would invert the saccharose ; in its place the following

reagent is employed. ,
Phenylhydrazine hydrochloride . 3 grammes.

Sodium acetate . 5 4 . 4.5 grammes.
Wateraght . tomake up to 30 cubic centimetres.

Three cubic centimetres of this reagent are sufficient for -1
gramme of reducing sugar ; the necessary heating should be
carried out on the water-bath for an hour.

Formation of Isomerides of Redueing Sugars
by Alkalies

95. If a solution of one of the reducing sugars is left
for some time with a little potash or soda, the sugar is partly
converted into isomerides.

Glucose, for example, gives a mixture of levulose and
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mannose ; the conversion is not complete, a portion of the
glucose remaining unaltered (Lobry de Bruyn and van
Ekenstein).

This change is readily demonstrated in the case of glucose
by taking 10 cc. of a 5 per cent solution of glucose in a test-
tube and adding 1 cc. of a 10 per cent solution of potash.
The tube is corked and left in the incubator at 35° for 24
hours. It is then cooled and 2 or 3 drops of acetic
acid are added to neutralize the alkali and then 1 cc. of the
solution of phenylhydrazine acetate (§ 9I), the tube being
well shaken. After a few seconds a turbidity appears and
a precipitate of mannose-hydrazone (§ 9o) is formed. The
presence of levulose can be demonstrated by taking a few
drops of the liquid before the phenylhydrazine is added and
testing by Séliwanoff’s method (§ 86), when an intense red
colour is obtained.

Determination of Melting-Point

96. Many bodies undergo slight decomposition when
heated almost to their melting-points; as a consequence
the melting-point is depressed by these decomposition
products. The decomposition is greater the longer the
heating is continued, and the error of observation of the
melting-point is correspondingly increased. To obtain
accurate readings, therefore, it is necessary not to work at
a temperature below that at which melting is practically
instantaneous. This can be done by putting very small
portions of the substance upon a block of metal heated to a
known temperature, whereby the fragments of material and
the metal block attain thermal equilibrium instantaneously
(Maquenne’s block).! To determine the melting-point of an
osazone, for example, the sample is first dried and then finely
powdered. The Maquenne block is heated so that the rise of
temperature is fairly rapid (3-5° per minute). As each rise of
5° is noted a portion of the substance is put upon the block,
and the temperature at which fusion is instantaneousis noted.

1 For a description of Maquenne’s block see p. 333.
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The block is then allowed to cool some degrees below
this point. The temperature is again raised, but very slowly,
so that the thermometer only shows a 1° rise in about three
or four minutes. As each rise of 1° is noted, a fragment of
the material is placed upon the block, so that the tempera-
ture at which instantaneous fusion occurs can be accurately
observed.

Thus glucosazone melts between 230-232° when it is pure.
Traces of impurities notably lower this melting-point, a fact
which is of general application.

The method is unsuitable for bodies whose melting-point
is lower than 100-120°, and especially for fatty substances.
In these cases, the capillary tube method must be employed
(see § 205).

Acids derived from Sugars

97. Monobasic Acids obtained by Oxidation with Bromine.
—Sugars which owe their reducing properties to an aldehydic
group are easily oxidized by bromine in the presence of
water, the — CHO group undergoing oxidation to —COOH.

R-CHO+H,0 + Br,=R - COOH + 2HBr.

" Those on the other hand which possess a ketonic group
do not undergo oxidation under these conditions; this
property may be utilized to separate, for example, glucose
and levulose.

As an example of this transformation of an aldehyde-
sugar to its corresponding monobasic acid, the oxidation of
xylose may be taken. The xylonic acid thus produced has
a very insoluble cadmium-bromine derivative, the formation
of which is used in the detection of small quantities of
* wood-sugar ”’ or xylose.

98. Preparation of Cadmium Xylonobromide.—Place in
a large test-tube 10 cc. of a 10 per cent solution of xylose,
add -5 cc. of bromine, cork and shake gently from time to
time to assist the solution of the bromine. After 48 hours
the oxidation is finished, and excess of bromine is driven off
by heating in a fume chamber (a suitable vessel should be
at hand in which the tube can be placed if the evolution of
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bromine is too rapid, so that it can be set down without
spilling the contents). When this is complete, the liquid is
turned into a little porcelain capsule and saturated with
cadmium carbonate added by small portions at a time, the
operation being assisted by careful heating. A small excess
of the carbonate is added, and the whole is boiled for five
minutes to decompose xylonic lactone which is-also
present. Filter while boiling ; on cooling a precipitate of
cadmium - xylonobromide (C,H,0,Cd Br +H,0) is formed.
Its formation is favoured by friction or by adding to the
liquid half its volume of alcohol

R

Fi1G. 9.—Cadmium Xylonobromide.

Under the microscope the precipitate shows as prismatic
needles variously grouped, but often forming spheres (Fig. 9).

The salt so obtained does not give a constant melting-
point ; to obtain that, it is necessary to wash with 50 per
cent alcohol and to dry again. If a portion is heated in a
test-tube, it undergoes decomposition with a great deal of
swelling up, similarly to mercury thiocyanate (G. Bertrand).

99. Dibasic Acids formed by Oxidation of Sugars with
Nitric Acid.—When the aldehyde sugars are heated with
dilute nitric acid they undergo a double oxidation, namely,
in the aldehyde group and in the primary alcoholic group
CH,.OH, thereby giving a dibasic acid of the general formula

COOH - (CH .OH), — COOH.
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Glucose forms saccharic acid with a structural formula
corresponding to that of sorbitol, mannose gives manno-
saccharic acid corresponding to mannitol, and galactose is
converted into mucic acid of analogous composition to
dulcitol. .

CH,0OH CH,OH CH;0H
H—(IZ—OH OH——(ll—H H—(l—OH
OH—(I:—H OH—({l—H OH—(IZ—H
H—(IZ—OH H—(IZ—OH OH—(|Z—H
H—(ll—OH H—(!Z—OH H—(IZ-—OH
(I:Hon éHzOH (’:H2 - OH
Sorbitol. Mannitol. Dulcitol.
COOH COOH COOH
H—é—OH OH—IC—H H—(IZ—QH
OH—&—H OH—(IZ—H OH—(IJ—H
H—(|3—OH H—(IZ—OH OH—Cl—H
H—(IZ—OH H-C-0OH H—(I‘,—OH
(IZOOH (IZOOH |COOH
Saccharic Acid. Mannosaccharic Acid. Mucic Acid.

100. Detection of Glucose by Formation of Saccharic Acid.
—Heat on the water-bath, in an evaporating basin of 125 cc.
capacity, 2 grammes of glucose and 10 cc. of nitric acid, S.G.
1-2,1 until a brisk reaction occurs with evolution of reddish
fumes (this should be done in a fume chamber); remove
the flame, and when the reaction has quieted down, evaporate
gently to a syrup to drive off excess of acid. Add 5-6 cc.
of water, and saturate while warm with dry powdered
potassium carbonate, turn the contents of the basin into a

1 Obtained by mixing 2 parts of acid at 36° B. (see p. xxxii) with 1
part of water by weight.
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beaker and add 3-4 cc. of glacial acetic acid. On stirring
and cooling, a white crystalline precipitate of potassium
hydrogen saccharate is thrown down. Microscopically it
appears as sharp transparent needles often grouped in
rosettes (Fig. 10).

101. Detection of Galactose by the Formation of Mucic Acid.
—All bodies which furnish galactose upon hydrolysis produce
mucic acid when oxidized. Thus lactose treated with nitric
acid gives a mixture of saccharic acid (glucose) and mucic
acid (galactose). The presence of the latter body is easy
to establish since it is almost insoluble in water. The

F1G. 10.—~Acid Potassium Saccharate.

procedure is the same as for the oxidation of glucose, but
when the oxidation is finished and the excess of nitric acid
has been removed by evaporation,! the residue is taken up in
3-4 cc. of water and transferred to a beaker, the evaporating
basin being washed out with distilled water, so that the total
bulk amounts to about 10 cc. A white precipitate of mucic
acid rapidly forms, which microscopically shows as small
short prisms (Fig. 11).

The weight of mucic acid collected on a filter -after
twenty-four hours may be used as an approximate measure
of the amount of galactose originally present; moreover,

1 The evaporation is continued until the weight of the residue is twice
that of the lactose originally taken, i.e. 4 grammes in this case.
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1 gramme of lactose gives under these conditions about -33
gramme of mucic acid, when the latter is dried at 110°.

To verify that the precipitate is mucic acid, its solubility
in ammonia should be tested ; mucic acid should dissolve
entirely. If, however, any calcium salt be present, it will

FiG. 11.—Mucic Acid.

also be precipitated (as oxalate), since the oxidation always
produces a certain amount of oxalic acid. Calcium oxalate
is only slightly soluble in dilute acids and is insoluble in
ammonia,.
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Principal Hydrolysable Sugars and Hexgses produced
by Hydrolysis

! Products of Hydrolysis.

1
l

| I Glucose. lGalactose. I.;evulose.!Rhamnose.‘

e = e

DI1SACCHARIDES i { ‘
C12H:0y, | |
| Non- Saccharose . . | 1 mol. — | 1mol..|{ —
| Reducing | Trehalose . . 2 mols. — | = — i
R Maltose = AN ZEmalss S
i €1 Lactose. . . { Tmol. | I mol. — —
TRISACCHARIDE |
C1sH35,014
‘ Rhamninose I mol. — — 2 mols.
TRISACCHARIDES
C18H32018 ‘
Raffinose . . o e Tk |- T Ol I mol. | 1 mol. —
Melezitose R Ih s WA o o 10 ) S B mol. —
Gentianose . . - . .| 2mols. — | Imol. | —
| Manninotriose . . . | Imol. | 2 mols. I — -—
TETRASACCHARIDE
CpaHy504
Stachyose AT R e e ol 2tmiels s [ T aniolE —

Inversion of Saccharose

102. If a few cubic centimetres of a dilute (1-2 per cent)
solution of saccharose are boiled in a test-tube with an equal
volume of alkali-copper solution, no reduction takes place.
If, however, the saccharose has previously been boiled for a
minute or two with a drop of hydrochloric acid, which is
subsequently neutralized with I per cent soda solution, an
abundant red precipitate is produced on boiling with
Fehling’s solution. Saccharose is decomposed by boiling
with acids, into an equimolecular mixture of glucose and
leevulose, both of which are reducing sugars.
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. Colour Reaction of Lactose (Rubner)

103. If a solution of one of the reducing sugars is heated
to boiling with the addition of lead acetate and ammonia,
a colour is produced which varies from yellow to coppery
red. By performing the test under standard conditions it
can be so arranged that lactose alone gives a red, while the
other sugars, especially glucose, give a yellow colour
(Rubner). The reaction is so delicate that it may be used to
distinguish lactose and glucose in solutions which are so dilute
that other methods are unavailable (-5 to I gramme per litre).

104. Rubner’s Reaction.—To 10 cc. of a -1 per cent lactose
solution in a test-tube add about 1 gramme of crystalline lead
acetate; warm gently to assist solution and add ammonia
drop by drop, carefully shaking after each addition. At
first the precipitate redissolves, but on further addition of
ammonia (about I or 2 cc. are required in all) it persists
sufficiently to render the liquid markedly turbid. The
addition of ammonia is now stopped, as excess would inhibit
the reaction, and the mixture is boiled for two or three
minutes ; a rose or orange colour appears, and after a few
seconds a bright red precipitate is formed, the supernatant
fluid being orange or rose coloured.

By treating a solution of glucose of the same concentration
in a similar manner, a white or yellowish precipitate with a
clear yellow supernatant fluid appears on standing.

With sugar solutions of higher concentration the amount
of lead acetate and consequently of ammonia must be
increased.

Volumetric Estimation of Reducing Sugars
(Bertrand’s Method)

105. Accurate Method (Bertrand).— This consists in
principle in boiling a known quantity of the sugar solution
with excess of a standard solution of copper hydrate. The
precipitated copper oxide is then titrated volumetrically
according to the method devised by Mohr, which consists in
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treating the precipitated cuprous oxide with an acid solution
of ferric sulphate ; the oxide is dissolved and forms cupric
sulphate, while a portion of the ferric sulphate is reduced to
the ferrous condition,

Cu,0 + Fey(SO,)3 + H,S0, =2CuS0, + H,0 + 2FeS0,.

The ferrous sulphate formed is titrated with potassium

permanganate, and the amount of copper precipitated by

the reducing sugar is calculated from the above equation.
The following solutions are necessary :

(A) Copper Solution.

Cupric sulphate . ) : . 40 grammes.
Dist. water, to make up to . 5 1 litre.

(B) Alkaline Tartrate Solution.

Potassium-sodium tartrate . . 200 grammes.
Caustic soda s : [ . 150 grammes.!
Dist. water, to make up to . i 1 litre.

(C) Acid Ferric Sulphate Solution.

Ferric sulphate . 4 5 . 50 grammes.
Sulphuric acid . 3 5 . 200 gramines.
Dist. water, to make up to . 5 1 litre.

(D) Permanganate Solution.

Potassium permanganate . . 5 gramimes.
Dist. water, to make up to . 5 I litre.

The ferric sulphate solution must not reduce permanganate.
To ensure this, add a few drops of the permanganate to the
ferric sulphate solution ; a faint colour change should appear
even after a few drops. If this does not occur, add the
permanganate drop by drop until the pink is just visible;
the iron solution is then ready for use.

106. To titrate the amount of reducing sugar in a given
solution by this method, a conical flask of 125 to 150 cc.
capacity is chosen, and 20 cc. of the sugar solution are intro-

! Instead of solid caustic soda, 375 cc. of soda solution (36° B.) may be
used.
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duced. These 20 cc. may contain up to 100 mgrs. sugar, but
it is »preferable that the sugar content should be a little less ;
the best results are obtained with quantities between 10
and go milligrammes.?

To the sugar solution add zo cc. of the copper and 2o cc.
of the alkaline tartrate solutions; heat to boiling, which is
to be continued for exactly three
minutes. It is important not to
boil too rapidly in order to avoid
undue concentration of the liquid.
After three minutes’ boiling the
flask is removed, the precipitate of
cuprous oxide is allowed to settle
for a few seconds, and the super-
natant liquid filtered through an
asbestos filter. This liquid should
by its colour clearly indicate the
presence of an excess of copper; Fic. 12.—Asbestos Filter.
if this is not the case, too much 4. Fitering layer of fine asbestos.
sugar has been used and the experi- 7 Gaciction 1o retan plug.
ment must be repeated.

For the filtration, an asbestos-plugged tube of Soxhlet’s
pattern 2 (T, Fig. 12) is secured to a filter-flask (F) of 150 cc.
capacity, which can be connected to a suitable filter-pump.

1 If the necessary amount of sugar is contained in a less volume of
liquid than 20 cc., the volume should be made up to this amount with
distilled water, as the final volume must be constant.

2 The tube containing the asbestos filter has a total length of 14 cm.
The upper part is cylindrical, 6 cm. long and about 17 mm. in diameter ;
it is constricted at its lower end so as to retain the asbestos, and below
the constriction is a bulbous enlargement terminating in a tube which
passes through the rubber stopper of the filter-flask.

An efficient filter is prepared by the following method. A specimen of
asbestos is chosen which has rather firm coarse fibres. This is made into
a ball of the same diameter as the wide upper part of the tube and pushed
down to the constriction (E) with slight pressure (B). Above it is put a
thin layer of asbestos of much finer fibre (4}, obtained by pounding ordinary
asbestos with water. The finest portions are removed and set aside.”. The
water is now poured into the tube and drawn through by the filter-pump.
Finally, the finest fibres which were previously put aside are added, while
exhaustion is in progress; they then form a superficial layer. It is this
layer which forms the actual filter, and it should be at least 2-3 mm. thick,
the other two layers simply acting as a support. The combined thickness

.
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It is desirable to take over as little cuprous oxide as
possible upon the asbestos filter, as an excess would form a
compact layer and delay solution in the acid-iron mixture.
When the supernatant liquid has been decanted from the
cuprous oxide precipitate in the original flask, a little water
is added, the precipitate again allowed to settle, and the
washings decanted into the asbestos filter. The filter-flask
is then exhausted, the filtrate thrown away, and the flask
thoroughly cleaned ; it is now ready for the second part
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